Evaluating impact of diet, housing and season systems on feedlot cattle finishing programs by Njoka, Josephat Gichobi
Graduate Theses and Dissertations Iowa State University Capstones, Theses andDissertations
2014
Evaluating impact of diet, housing and season
systems on feedlot cattle finishing programs
Josephat Gichobi Njoka
Iowa State University
Follow this and additional works at: https://lib.dr.iastate.edu/etd
Part of the Agriculture Commons, Animal Sciences Commons, and the Physiology Commons
This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University
Digital Repository. It has been accepted for inclusion in Graduate Theses and Dissertations by an authorized administrator of Iowa State University
Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Njoka, Josephat Gichobi, "Evaluating impact of diet, housing and season systems on feedlot cattle finishing programs" (2014).
Graduate Theses and Dissertations. 13788.
https://lib.dr.iastate.edu/etd/13788
  
 
Evaluating impact of diet, housing and season systems on feedlot cattle finishing programs  
 
 
by 
 
Josephat Gichobi Njoka 
 
 
 
A dissertation submitted to the graduate faculty 
 
in partial fulfillment of the requirements for the degree of 
 
DOCTOR OF PHILOSOPHY  
 
Major: Animal Science 
 
Program of Study Committee: 
M. Peter Hoffman, Major Professor  
Joseph G. Sebranek 
P. Jeffrey Berger 
Jason W. Ross 
W. Wade Miller 
 
 
 
 
 
 
 
 
 
 
Iowa State University 
Ames, Iowa 
2014 
 
Copyright © Josephat G. Njoka, 2014. All rights reserved
ii 
 
 
DEDICATION 
 
I wish to dedicate this work to my family, Mary, Joy, Mercy, Eric and to Dad & Mom, 
Josiah & Jacinta, respectively. Indeed, you are my worthy compatriots and the greatest social 
pillars during this mission.  
iii 
 
 
TABLE OF CONTENTS 
 
               
DEDICATION ........................................................................................................... ii 
LIST OF FIGURES ................................................................................................... v 
LIST OF TABLES ..................................................................................................... vi 
NOMENCLATURE .................................................................................................. vii 
ACKNOWLEDGEMENTS ....................................................................................... viii 
ABSTRACT ............................................................................................................... x 
CHAPTER 1.  INTRODUCTION .......................................................................... 1 
CHAPTER 2.  LITERATURE REVIEW ............................................................... 4 
 Biometeorology Dynamics for Feedlot Cattle ..................................................... 4 
  Heat and Cold Stress ...................................................................................... 5 
  Solar Radiation............................................................................................... 7 
  Humidity ........................................................................................................ 9 
  Wind Speed and Air Movement .................................................................... 10 
  Ambient Temperature .................................................................................... 11 
  Metabolic Heat ............................................................................................... 11 
 Regulation of Body Temperature......................................................................... 13 
  Heat Exchange ............................................................................................... 13 
  Thermogenesis ............................................................................................... 15 
 Corn Grain and Whole Corn Plant Silage Diets .................................................. 15 
 Feedlot Housing Systems ..................................................................................... 17 
  Open Pen with Overhead Shelter ................................................................... 19 
  Open Pen with No Shelter.............................................................................. 19 
  Confinement Building .................................................................................... 19 
 Climatic Transitions in Northern Latitudes ......................................................... 20 
  Winter Season ................................................................................................ 20 
  Spring Season................................................................................................. 21 
  Summer Season .............................................................................................. 22 
  Fall Season ..................................................................................................... 23 
 
 
iv 
 
 
CHAPTER 3. MATERIALS AND METHODS  ................................................... 24 
 Experimental Procedure ....................................................................................... 24 
  Dietary Treatments ........................................................................................ 25 
  Housing Treatments ....................................................................................... 25 
  Seasons ......................................................................................................... 26 
  Recorded Parameters ..................................................................................... 27 
 Economic Analysis .............................................................................................. 28 
 Statistical Analysis ............................................................................................... 29 
  
CHAPTER 4. RESULTS AND DISCUSSION ..................................................... 30 
 Cattle Performance............................................................................................... 30 
  Average Dry Matter Intake ............................................................................ 30 
  Average Daily Gain and Final Weight .......................................................... 34 
  Feed Efficiency .............................................................................................. 40 
 Carcass Evaluation ............................................................................................... 40 
 Economic Analysis .............................................................................................. 50 
  Annual Scenario  ............................................................................................ 50 
  Seasonal Scenario .......................................................................................... 53 
  Price Sensitivity ............................................................................................. 57 
  
CHAPTER 5.  SUMMARY AND GENERAL CONCLUSIONS.......................... 63 
APPENDIX A . USDA QUALITY GRADES RANKING ....................................... 66 
APPENDIX B. ECONOMICS ANALYSIS WORKSHEETS ..................................     68 
APPENDIX C. PRICE SENSITIVITY ANALYSIS RESULTS .............................. 75 
APPENDIX D.  PENS LAYOUT AND EXPERIMENTAL ARRAMGEMENT…  88 
LITERATURE CITED  ............................................................................................. 90 
 
v 
 
 
LIST OF FIGURES  
 
Figure 1. Comparison of least squares means across housing-diet systems: A. Average 
 dry matter intake (ADMI); B. Average daily gain (ADG); C. Feed efficiency (FE) ..........     36 
 
Figure 2. Comparison of least squares means across housing-diet systems: A. Final 
weight; B. Days on test ................................................................................................. 39  
 
Figure 3. Comparison of least squares means across housing-diet systems: A. Hot carcass 
weight (HCW); B. Dressing percentage (DP); C. Ribeye area (REA). .............................. 47 
 
Figure 4. Comparison of least squares means across housing-diet systems: A. Back fat;  
B. Kidney, pelvic and heart fat (KPH) ............................................................................     48 
 
Figure 5. Comparison of least squares means across housing-diet systems: A. Yield grade 
 (YG); B. Quality grade QG)………………………………………………….                         49 
 
Figure 6. Comparison of least squares means across housing-diet systems: A. Total 
income; B. Total feed cost; C. Fixed cost... .....................................................................      52 
 
vi 
 
 
LIST OF TABLES  
Table 1. ANOVA for feedlot steers performance ......................................................... 30 
 
Table 2. Least squares means and SE for steers performance by dietary treatments ........  31 
 
Table 3. Least squares means and SE for steers performance by housing treatment ........ 33 
 
Table 4. Least squares means and SE for steers performance by season treatment when  
steers were put on feed .................................................................................................. 33 
 
Table 5. Least squares means and SE for performance by housing-diet combinations ..... 35 
 
Table 6. ANOVA for carcass characteristics of feedlot steers ....................................... 41 
 
Table 7. Least squares means and SE for effects of diet treatment on carcass  
characteristics ...............................................................................................................  41 
 
Table 8. Least squares means and SE for effects of housing on carcass characteristics .... 43 
 
Table 9. Least squares means and SE for effects of season when steers were placed on  
feed on carcass characteristics ....................................................................................... 44 
 
Table 10. Least squares mean and SE for effects of house-diet system combinations  
on carcass characteristics ........................................................................................... 46 
 
Table 11. Yield grade percentage distribution for diet treatments ............................. 46 
 
Table 12. Yield grade percentage distribution for house treatments ......................... 48 
 
Table 13. Enterprise economics based on average prices for 13 yr cattle cycle ................  51 
 
Table 14. Price averages for feeder, fed cattle and feed components by corresponding  
months steers were put on feed ...................................................................................... 56 
 
Table 15. Enterprise economics based on average prices for 13 yr cattle cycle for  
corresponding winter season .......................................................................................... 56 
 
Table 16. Steers enterprise economics based on average prices for 13 yr cattle cycle for 
 corresponding spring season ......................................................................................... 58 
 
Table 17. Steers enterprise economics based on average prices for 13 yr cattle cycle for 
 corresponding summer season ...................................................................................... 59 
 
Table 18. Steers enterprise economics based on average prices for 13 yr cattle cycle for 
 corresponding fall season fall ....................................................................................... 60 
vii 
 
 
NOMENCLATURE 
ADMI   Average daily matter intake 
ADG   Average daily gain 
ANOVA  Analysis of variance  
BF   Backfat  
CBT Core body temperature 
CCI Comprehensive climatic index  
DP Dressing percentage 
FE   Feed efficiency 
HCW Hot carcass weight 
LWSI Livestock weather safety index 
THI Temperature-humidity-index 
KPH% Kidney, pelvic and heart fat percentage 
QG Quality grade 
REA Ribeye area 
YG Yield grade  
 
 
 
viii 
 
 
ACKNOWLEDGEMENTS 
I wish to acknowledge and express my sincere appreciation to my major professor Dr. 
M.P. Hoffman for his guidance and understanding during this life learning process. In particular, 
I am grateful that Dr. Hoffman opened up some wonderful opportunities for me to witness and 
experience his passionate contributions to the livestock industry both locally and internationally. 
Thank you for the private educational visits and trips you extended to me.   
I express my sincere thanks to the members of my POS-committee, Dr. Joseph Sebranek, 
Dr. Jason Ross, Dr. Wade Miller and Dr. Jeff Berger for their great support and encouragement, 
without which, this accomplishment would not have been possible. In fact, I will always cherish 
the cordial professional environment that each one of you granted to me during the entire time in 
my studies. My special thanks to Dr. Berger for teaching me some practical use of statistical 
tools and the many hours you spent helping me with my data, I am sincerely grateful. Thanks Dr. 
Ross for giving me a chance to learn a lot as I worked in your lab and at the farm. I am very 
grateful that Dr. Miller gave me great opportunities to learn allot at the Department of 
Agricultural Education. I have learned allot through your many insights while interacting with 
you. Indeed, thank you very much to Dr. Sebranek for your time and kindness. Certainly, you 
represented a symbol of success for me; Dr. Joe, thanks.    
In addition, I would also like to thank my friends, colleagues in the Department of 
Animal Science, faculty and staff for making my time at Iowa State University (ISU) a 
memorable experience. I want also to thank all those who offered professional and social 
support, which made this professional journal exciting. Special thanks, to Dr. Lee Schulz from 
ISU Department of Economics, for his great help with economics models and guidance during 
ix 
 
 
the analysis for my research work. Also, I wish to express my sincere thanks to Keith & Linda 
Cadwell, Judy and George Gomoll for their friendship and steadfast encouragement.  
Finally, thanks to my family for their support and to my beloved wife, Mary for enduring 
patience as I accomplished many requirements in post graduate life.  
 
x 
 
 
ABSTRACT 
 A four-year study was conducted using 1,987 yearling steers of predominantly 
mixed British breeds with an average starting weight of approximately 700 lb. The overall 
objectives of this study was to evaluate feedlot performance, carcass characteristics and expected 
economic projections for placing steers on feed quarterly per year for a period of 4 yr in different 
housing-diet systems. A pen with an average of 20 steers was the experimental unit, which was 
replicated once at the start of every trial period. Treatments were 2-levels of diet, 3-levels of 
housing, and season with 4-levels per year. The two diets were: 1) a mixture of processed high 
moisture corn grain (77% DM) providing 85% of the energy and whole plant corn silage, 2) a 
whole plant corn silage diet (35% DM). In addition, protein, vitamin and mineral supplement 
was provided to meet dietary requirements. Cattle were fed once per day in the morning. The 
housing treatments consisted of:  1) shelter; open lot with access to overhead shelter, 2) no 
shelter; open lot without access to an overhead shelter, but provided with a windbreak, 3) 
confinement; open front-side confinement barn. The four seasons involved were when steers 
were placed into the feedlot and fed through to market weight as follows: 1) December; winter,  
2) March; spring, 3) June; summer and 4) September; fall. The effects of diet, housing, season, 
and cycle influenced ADG and final weight (P < 0.001), as well as the interaction of diet × 
season (P < 0.05), but did not affect ADMI (P > 0.05). The FE was affected significantly by diet 
(P < 0.001) as well as the year and interaction of diet × season (P < 0.05). The effects of diet, 
housing, season and year affected HCW and DP (P < 0.001). In addition, BF, KPH, YG and QG 
were affected by dietary treatment (P < 0.001) and season (P < 0.05), but not by the effects of 
housing (P > 0.05). Within the economic analysis using the annual scenario, shelter corn (SC) 
steers had 3.2% higher income per head than those in shelter silage (SS) facilities. Moreover, 
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steers in no shelter corn (NSC) groups had 3.9% better income per animal than cattle fed in no 
shelter silage (NSS). Besides, steers fed in confinement corn (CC) received 2.2% higher income 
per head compared to those fed in confinement silage (CS) system. Overall, SC steers had the 
highest income per head, with a 6% advantage over the CS group, which had the lowest income 
per head. Steers that were put into the feedlot during the months of December, March, June and 
September and fed a corn-based diet had better returns than those fed a corn silage-based diet. 
Winter steers in NSS had the lowest income, which represented 7.4% difference between the 
highest incomes attained by steers in SC system. During spring and summer, the SC system had 
the highest income per steer, followed by NSC and then the CC group.  
 
Key words: feedlot cattle, feedlot performance, carcass characteristics, economics
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CHAPTER 1 
INTRODUCTION 
 Worldwide, meat continues to represent an important part of the human diet. This is 
partly due to its nutritional value, especially as a great source for vital minerals and protein of 
animal origin (Lawrie and Ledward, 2006; Bennett, 2013). Furthermore, livestock provides 40% 
of the global agricultural economy and at the same time supports livelihoods of over a billion 
people (FAO, 2009). Close to 82% of the 1.2 billion cattle are found in a few of the developed 
cattle industries globally and the ever increasing demand for meat is the principal focal point for 
livestock stakeholders (FAO, 2009). It is also noteworthy that beef represents over 38 % of meat 
producing animals, which is a significant portion of global food security (FAO, 2009). For 
instance, in the USA, 25.6 billion pounds of beef was consumed domestically in the year 2011, 
while 10.6% of the production was exported (USDA, 2012). However, the impact of climate and 
weather on beef production, reproduction, animal wellness and quality of consumer products 
continues to raise genuine concerns, in relation to regional and global food security (FAO, 2009; 
Arbuckle et al., 2013). Environmental dynamics surrounding cattle production settings often 
shows evidence of underlying interaction between animal’s genetic potential and environmental 
risk factors. Towards confronting local and global concerns, outstanding research in beef 
marketing and production vigor in Iowa has contributed enormously (Hoffman and Self, 1970; 
Koknaroglu et al., 2008; Honeyman et al., 2010). Currently, with erratic climatic and weather 
patterns on record (Mader et al., 2009; Gauly et al., 2013; Hatfield et al., 2013), stakeholders 
must continue to redouble their efforts towards overcoming beef industry challenges which are 
associated with environmental stress.  
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 Typically, productivity and performance in general decrease when cattle are under 
unwarranted stress (Arias and Mader, 2010). As an important principle in physiology, 
homeostasis is critical for control of vital parameters necessary for growth and development of 
meat producing animals (Lawrie and Ledward, 2006). Inherently, the body as a unit, places a 
higher priority on internal equilibrium on a continuous basis. Even so, homeostasis occurs at a 
higher price of energy expenditure for cattle exposed to conditions outside their thermoneutral 
zone (Shimada and Stitt, 1981). Cattle usually suffer from stress during prolonged periods of 
extreme wind speed, cold temperatures, elevated solar radiation and high relative humidity 
(Mader et al., 2010; Mujibi et al., 2010).    
Undoubtedly, environmental related stressors are of economic importance for livestock 
industry stakeholders in temperate regions (Capper and Hayes, 2012). In fact, seasonal climatic 
transitions for spring, summer, fall and winter at northern latitudes reflects divergent cyclic 
annual patterns with distinct weather factors. It is therefore not surprising to find cases of 
extreme and erratic ambient temperatures, solar radiation, wind speed and relative humidity in 
the state of Iowa. Certainly, these notable environmental phenomena have potential to influence 
feedlot cattle performance (Koknaroglu et al., 2008; Honeyman et al., 2010), quality of beef and 
to a larger scope the expenditure of resources set for the enterprise (Kim et al., 2012). 
Furthermore, some complex animal husbandry challenges arise when rapid change of weather 
occurs from week to week within a given season (Hahn and Mader, 1997).  
 A reasonable goal for most feedlot managers is to uphold the wellness of the cattle. At 
the same time feedlot cattle ought to attain optimal growth level in the midst of cyclic climatic 
and challenging weather conditions within the lowest cost possible (Mader et al., 2010; Mu et al., 
2013). In this regard, it is necessary to continue seeking effective techniques and methods that 
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are sustainable for the beef enterprise. The objective of this study was to evaluate feedlot 
performance, carcass characteristics and economic implications for placing steers on feed 
quarterly throughout the year for a period of four years, in six different combinations of diet and 
housing systems. Certainly, analyses of performance responses and carcass quality during 
seasonal weather changes over an extended period will further contribute crucial data that could 
be useful for strategic and tactical decision making in feedlot management and enterprise 
planning to cope with emerging environmental challenges. 
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CHAPTER 2  
LITURATURE REVIEW 
Biometeorology Dynamics for Feedlot Cattle 
 Without a doubt, there is a complex relationship between animal thermodynamics and its 
environment. Variability in climate and weather patterns presents a range of challenges for 
livestock production globally. For instance, in temperate regions the annual seasonal changes 
influence environmental temperatures, pasture and forage crop quality and quantity including 
animal physiology, disease and pest distribution (Jurgens, 1982; Hahn et al., 1993; Henry et al., 
2012). Furthermore, during periods of inclement weather, cattle performance is often affected 
(Hammond et al., 1998).When temperature and humidity exceed the cattle thermal neutral zone, 
evaporative cooling will decline and the sweat vapor on the animal skin will be trapped between 
the hair follicles (Bennett et al., 1985; Finch, 1985). Consequently, the animal will demand more 
energy for thermoregulation (Finch, 1985). While comparing heat tolerance for different cattle 
crossbreeds, Hammond et al., (1998), found that during periods of intense environmental stress, 
even the most resilient animals adaptive capabilities could be over extended. 
Biometeorology represents a critical role in the assessment of climatic influence on 
animals and most importantly, in the development of strategic management tools and systems for 
livestock production (Brown-Brandl et al., 2005; Gaughan et al., 2008). In the past, cattle 
performance response models have been used together with climatic data to evaluate the effects 
of weather on animal production (Hahn and McQuigg, 1970). These models are also used as 
additional predication tools for advisory purposes and alert system by the U.S. National Weather 
Services (NOAA, 2013). 
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 In particular, heat waves can result in catastrophic production losses for livestock where 
mitigation measures are not in place. For instance, during the July 1995 heat wave in the 
Midwest United States, over 4000 feedlot cattle deaths were recorded in Iowa and Nebraska 
(Hahn and Mader, 1997). The information collected during this time period including the 
intensity, duration and cattle recovery time, provided valuable data to develop enhanced ways for 
approaching environmental management practices (Hahn and Mader, 1997; Eigenberg et al., 
2010). The development and use of the Livestock Weather Safety Index (LWSI) has contributed 
greatly to the livestock industry in providing daily thresholds for the alert, danger and emergency 
cattle risk indices (Hahn 1995). This author also explained that the “danger” category in the 
LWSI could also result in fatalities for the highly vulnerable feedlot cattle, especially those that 
are newly placed on feed, near finished market weight and sick cattle.  
Heat and Cold Stress 
 During extreme weather, either hyperthermia or hypothermia could adversely affect cattle 
productivity, if their body thermo-neutrality is not naturally maintained (Sejrsen and Nielsen, 
2006; Tucker et al., 2008). For homeotherms, it is within the thermoneutral zone where minimal 
physiological expenditure and optimal productivity are attained (Kadzere et al., 2002; Stitt, 
2009). Species, age, breed, diet, pen conditions, including internal and external insulation among 
other factors, influence the thermoneutral range (Kadzere et al., 2002; Tucker et al., 2008; Stitt, 
2009). Heat stress involves any combination of environmental factors, which alters effective 
temperature of the surroundings to be higher than cattle’s upper critical temperature (Buffington 
et al., 1981). Solar radiation, humidity, air movement and dry-bulb temperature influence 
effective temperature (Buffington et al., 1981). At the same time, an animal’s susceptibility to 
heat stress is also influenced by the physiological status of the individual animal, age, breed, sex, 
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stage of production and previous heat exposure along with other factors (Dikmen and Hansen, 
2009). 
 When cattle are heat stressed, they will exhibit reduced feed intake, elevated respiratory 
rate, low physical activities, sweating on their skin including a tendency to seek shade and wind 
(Hahn, 1999). In addition, other changes could occur in the digestive system, including alteration 
in acid-base chemistry in the gastro intestinal tract (Young, 1988).The hypothalamus and the 
thermal sensors of the skin integrate temperature information and direct changes in the efferent 
and afferent systems to modify blood substances and flow (Shimada and Stitt, 1981). These 
changes include the vasorelaxation of the circulatory system, which allows a high blood volume 
to the peripheral regions, subsequently resulting in increased heat loss (Stitt, 2009). 
 On the other hand, during extremely cold temperatures when cattle are kept in wet or 
muddy locations, they might suffer cold stress when their body core temperatures fall below 
normal values. However, in the Midwest United States conditions at which cattle start to undergo 
profound hypothermia will widely vary (Hahn et al., 1984). Animals with short hair coats, 
located in a place with high wind speed, along with wet and muddy feedlot floors will increase 
the scope of cold stress and induce levels of hypothermia more promptly (NRC, 1976; Arbuckle 
et al., 2013). 
Environmental stresses usually impose higher demand on both metabolic and 
physiological processes of cattle and often with adverse results on performance. In the event of 
hypothermia, flow of blood is shunted from the extremities in an attempt to protect the organ 
systems (Shimada and Stitt, 1981). In the event the extreme cold stress prevails, the limited 
circulation of blood would prompt frostbite of the ear tips and teats, while heart rate and 
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respiration rate are reduced (Stitt, 2009). Eventually the blood pressure might decrease as the 
animal enters into a comatose state of when hypothermia progresses (Shimada and Stitt 1981., 
Stitt, 2009). 
 Healthy adult cattle endure winter season without many problems provided the animal 
has a winter long hair coat, good body condition and adequate feed is available with easy access 
to water (Mader et al., 2010). In addition, providing properly designed housing with excellent 
drainage and a windbreak for cattle could go a long way in mitigating effects of environmental 
stress (Koknaroglu et al., 2008., Mader et al., 2010). In case feedlot cattle are under poor 
management systems, animals will spend much of the winter months redirecting their nutritional 
energy to generate heat rather than for production purposes. 
Solar Radiation 
 Solar radiation contributes a large portion of heat stress for cattle during hot summer 
months in the midwest United States. In general, feedlot cattle are more susceptible to summer 
heat stress than pasture cattle where animals have an opportunity to seek shade, water and air 
movement to cool their body during the peak hot hours of the day (Arias et al., 2008). Berman 
and Horovitz (2012) found that by reducing thermal radiation by proving shade to cattle lowered 
heat stress levels independently of other means of stress relief. The same workers reported that 
by lowering animal density in the feedyard would significantly reduce radiant heat from cattle’s 
body surface. Furthermore, depending on the feedlot design, radiant heat from the floor surface 
could contribute a substantial level of environmental heat (Nienaber and Hahn, 2007). 
Inherently, the electromagnetic spectrum contains solar energy that extends to the earth. 
Solar energy is absorbed in wavelengths between 300 to 2500 nm, of which 5% is in ultraviolet 
8 
 
 
range, 46% in visible spectrum and the large portion of 49% in the infrared or thermal range 
(Mack, 2012). 
 The equilibrium between emitted and absorbed infrared radiation impacts the global 
climate with a wide comparative temperature range on earth’s surface (Clark, 2010). 
Atmospheric substances like water vapor, cloud droplets, methane, carbon dioxide, nitrous oxide, 
chlorofluorocarbons and sulfur hexafluoride absorbs infrared and re-radiate heat back to the earth 
surface, hence the greenhouse effect (Mack, 2012). In modern climatic work, atmospheric 
infrared images are captured and monitored with weather satellite instruments to determine 
energy exchange trends, between the atmosphere and the earth (Clark and Lee, 2010). 
 Cattle endure physiological stress when ambient temperatures are over 80˚F, which 
results in elevated maintenance requirements to contend with heat stress (Arias et al., 2008). 
Depending on the physiological status of feedlot cattle, performance is affected relative to level 
of stress, which consequently influences ADMI and decreases FE (Peter, 2009; Renaudeau et al., 
2012). Furthermore, there is a great chance for birth weight of the feeder cattle to be affected by 
extreme heat stress during the pregnancy period of the dam (Gauly et al., 2013). Ultimately, 
maternal and fetal metabolism could be altered during gestation due to effects of heat stress 
(Cena and Monteith, 1975). In addition, cattle with a black coat will absorb and radiate more 
heat than white and red-coated cattle (Cena and Monteith, 1975). Hence, more care should be 
given to breeds like Black Angus cattle during extreme weather (Sakatani et al., 2012). 
 Solar radiation has major effects on thermoregulation of both housed and grazing 
ruminants (Kifle et al., 2010). While evaluating effects of solar radiation on the heat load of 
dairy cattle, Yamamoto et al., (1994), found that it is possible to calculate effective temperature 
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(ET) from ambient temperature (dry bulb temperature, DBT) and radiation (black globe 
temperature, BGT) by multiple regression analysis using respiration rate and body temperature 
as the dependent response variables. The investigators, in summary, reported an equation for 
effective temperature (ET = 0.24DBT + 0.76BGT). This equation suggests that long-wave and 
short wave (solar) radiation as measured by black globe temperature contributes substantially 
more to the heat load than ambient temperature inherently. 
Humidity  
 The core body temperature of cattle is sensitive to hot environmental conditions; hence, it 
is often used as a general indicator of thermal stress. Furthermore, temperature-humidity-index 
(THI) was suggested to be even a better indicator of thermal conditions for cattle (McDowell et 
al., 1976). These workers indicated that THI could be calculated from wet and dry bulb air 
temperatures for a particular day as shown in the following formula, THI = 0.72(W + D) + 40.6, 
where W represents wet bulb and D represents dry bulb temperature in degrees centigrade. In 
predicting an animal’s stress status, it was reported that the THI value of 70 or less was 
considered comfortable. And THI values of 75 – 78 were indicated as stressful, while for values 
above 79, the animals were noted to be more distressed (Kadzere et al., 2002). When working 
with dairy cattle, (Lemerle and Goddard, 1986) found that when THI is above 80, then rectal 
temperature would increase, while the respiration rate is already high starting from THI value of 
78. This finding suggested that elevated respiration rate and other thermoregulatory systems are 
able to avert increased rectal temperature for a short period until the critical THI value above 79 
is attained (McDowell et al., 1976). 
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Wind Speed and Air Movement 
Relationship between wind speed, air movement in the facility and their effects on 
temperature cannot be ignored during construction and management of cattle feedlot facilities 
(Blaxter and Wainman, 1964). In winter months, increase in maintenance requirement for cattle 
when effective temperature falls below the thermoneutral zone has been reported widely (Blaxter 
and Wainman, 1964; Ames and Insley, 1975; Frappell and Cummings, 2008). Wind velocity and 
dry bulb temperatures have been indicated as major factors that lower effective temperatures 
during cold days in the winter (Ames and Insley, 1975), which in combination are known as 
wind-chill effects (Gaughan et al., 2010b; Mader et al., 2010). 
While working to develop a comprehensive climatic index in Nebraska, Mader et al. 
(2010) reported that increases or decreases in temperature resulted in greater changes in 
temperature per unit of wind speed. Furthermore, the effect of wind-chill cooling down the 
apparent temperature has been shown to be similar under cold or hot conditions (Mader et al., 
2010; Henry et al., 2012). It is with the understanding that feedlot units are constructed in such a 
way that the factor of shielding cattle from cold wind-chill in the winter months should not 
hinder the needed cooling effect in the summer time. 
During periods of high ambient temperatures, Anderson et al. (2013) found that using 
fan-cooling systems provided more desirable microenvironment for cattle throughout the day. 
Moreover, their work suggested that Flip-fan systems achieved lower THI, reduced CBT and 
increased lying down time for cattle than stationary fan and mister cooling systems. This study 
confirms the importance of adequate air movement in enhancing microclimate of housed cattle 
during hot summers. 
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Ambient Temperature 
 Upper critical temperature is referred to as the air temperature at which cattle increase 
heat production due to rise in body temperature as a result of inadequate heat loss (Yousef, 1985; 
Kadzere et al., 2002). Above this critical point some thermoregulatory factors are triggered such 
as sweating, raised respiration and increase in CBT just to mention a few. When ambient 
temperature is above 20°C, there is increase in evaporative water loss from the skin, which is a 
critical mechanism of cooling the animal down (Berman, 1968). On the other hand, lower critical 
temperature is the ambient temperature at which resting homeotherms must increase the rate of 
heat production for the purpose of thermal balance (Yousef, 1985). 
Metabolic Heat 
 Apart from environmental heat, cattle digestive and metabolic processes, especially 
fermentation in the rumen, produce additional heat (Young, 1988). The heat produced 
contributes to maintenance of body temperature during the cold season, but in a warmer 
environment, this heat must be dissipated as a physiological necessity for normal functions to 
continue (Ganslosser, 2008). Therefore, the metabolic heat an animal carries at a given moment 
will influence the cyclic pattern of either losing or gaining of heat from the environment (Young 
et al., 1997). In beef cattle production, genetic improvement has played a critical role in 
enhancing an animal’s ability to increase feed intake mostly during the finishing period that 
could translate into accelerated growth (Jurgens, 2007; Young, 1988). However, higher feed 
intake is also characterized with metabolic heat increment (Gaughan et al., 2008; Young et al., 
1997). The heat increment is even more profound when cattle are put on high-energy diets, 
mostly typical of grain-fed or concentrate based diets (Cummins, 1992; Jurgens, 2007).  
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 Excessive heat load has commonly been defined as a syndrome (Hahn and Mader, 1997; 
Young et al., 1997), which causes negative effects on cattle because of combining both 
metabolic heat and environmental heat (Yamamoto et al., 1994; Hahn and Mader, 1997). 
Unfortunately, high performing cattle are usually the first to show the adverse signs, which are 
accompanied by extreme body temperatures. Like other homeotherms, there is need for cattle’s 
thermoregulatory systems to effectively maintain their body core temperature within the 
thermoneutral zone at all times, which is critical for physiological homeostasis (Boulpaep and 
Boron, 2009). Other factors such as metabolic intensity, thermal insulation and rate of thermal 
exchange, additionally contribute towards an animal’s heat balance (Shimada and Stitt, 1981). 
Through adaption and proper management strategies, feedlot cattle are able to cope to a certain 
extent, but in severe situations animals may show significant physiological and behavioral 
responses (Brown-Brandl et al., 2003; Brown-Brandl et al., 2005). While in extreme cases, 
where the coping mechanisms fail the animal suffers reversible damage and in such cases, the 
possibility of death becomes eminent (Brown-Brandl et al., 2008). 
Regulation of Body Temperature 
 Homeothermy equips cattle to maintain acceptable performance over a wide range of 
environmental temperatures (Frappell and Cummings, 2008). Homeostasis requires a fine 
balance between heat loss and heat production. The implications of severe heat stress on cattle 
during hot months are complex because they do not only involve energy balance but also 
electrolyte equilibrium such as sodium, potassium, and chlorine metabolism (Silanikove, 2000; 
Sokolova, 2008). In addition, the content of extracellular fluid, which is an important medium for 
several functions in the body, is affected during stressful episodes. It is then very important to 
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provide enough water to cattle especially during hot summers, to enable physiological regulation 
of electrolyte balance.  
Heat Exchange 
 Cattle do not dissipate their heat load very effectively compared with other animals like 
the dog (Frappell and Cummings, 2008). However, it is typically accepted that Bos indicus are 
more heat tolerant than their Bos taurus counterparts (Thompson et al., 2011). In addition, low 
feed intake and reduced metabolic rate has been associated with improved heat adaptability of 
tropical cattle among other factors (Yousef, 1985). 
Cattle can be more tolerant to hot climates where cool night ambient temperatures reduce the 
negative effects of high day temperature. Akari et al. (1987), when committed to compare 
circadian body temperature patterns of Bos taurus, found notable differences in cattle body 
temperatures in relation with night-to-day environmental changes and the way the animals were 
managed. 
 Summer heat sometime can adversely affect cattle production. During the catastrophic 
July 1995 heat wave event, there was an extended period for about a week when the THI values 
stood above 84 (Hahn and Mader, 1997). The authors noted that the continuous exposure to heat 
stress without a chance for cattle to cool down at night was found as one of the major 
contributing factors for the mass losses. Therefore, strategic and tactical management aimed to 
confronting environmental challenges of feedlot cattle in hot weather is important (Hahn et al., 
1984; Hahn and Mader, 1997; Hahn et al., 2003). 
 The skin surface of cattle plays a significant role in cooling the body during hot and dry 
conditions. By convection in the blood, heat is transferred from the body core to the skin (Hahn 
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and Mader, 1997). Consequently, the large surface area of the skin facilitates the transfer of heat 
to the environment. The skin can transmit heat to the surroundings by conduction, radiation and 
evaporation (Peter, 2009). Sweating is a major thermoregulatory mechanism for dissipating 
excess body heat in cattle. At the same time water, sodium and chloride are critical constituents 
of sweat, where these substances are highly regulated by the body for proper physiological well-
being of the animal. Hence, it is critical to replenish these substances appropriately. 
In addition, direct wetting of cattle with sprinklers will assist the animals to cool down in 
a hot climate and has been considered economically feasible (Hahn and Osburn, 1970; Mader et 
al., 2007). The aspect of combining these cooling systems makes the conditions better for the 
animals. For example, wetting of the body together with convection cooling through air 
movement improves animal’s well-being during a hot day (Hahn and Osburn, 1970; Yousef, 
1985). Mader et al. (2007) reported positive effects on cattle microclimate when feedlot steers 
were sprinkled for 20 minutes every 1.5 hours during periods of high ambient temperatures. In 
the same study, sprinkling cattle lowered THI and resulted in higher feed intake than those in the 
control group. 
Thermogenesis 
 The process of heat production in cattle and other warm-blooded animals is termed 
thermogenesis. The thermogenesis process is particularly important during periods of sufficiently 
cold temperatures, whereby through the shivering process heat is produced by the conversion of 
chemical energy into kinetic energy (Ganslosser, 2008). Shivering causes muscles to contract 
and relax at the same time before fatigue occurs (Ganslosser, 2008; Peter, 2009). The thermal 
effectors in the cutaneous circulatory, skeletal muscle and sweat glands work synergistically to 
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enhance shivering (Frappell and Cummings, 2008). The act of shivering consequently increases 
the metabolic rate and metabolic heat production occurs (Frappell and Cummings, 2008). In 
addition, during normal settings, thermogenesis in cattle could be prompted by providing animals 
with a high-energy diet, active exercise like running and other chemical processes in the body 
(Peter, 2009). 
 Corn Grain and Whole Corn Plant Silage Diets 
 Dietary energy (carbohydrate) is the bulk component found in finishing diets for feedlot 
cattle. As an energy source for cattle, the corn plant provides two digestible polysaccharides in 
the form of starch and cellulose. Both starch and cellulose have subunits of glucose linked by 
different chemical bonds (Urgerfeld and Kohn, 2006; Jurgens, 2007). While cellulose is only 
digested by enzymes produced by the microbial population found in the gastrointestinal tract, 
enzymes generated by the animal normally digest starch (Kreikemeier et al., 1990; Huhtanen et 
al., 2006). Instead of microbial enzymes turning their substrates into simple sugars, they are 
converted to organic acids, which are the primary source of energy for ruminants (Huhtanen et 
al., 2006).The forage part of the plant contains a high concentration of cellulose, while high 
levels of starch are found in the grain (Kreikemeier et al., 1990; Zinn et al., 2011). In addition, 
the carbohydrates are mostly used for the much-needed energy for the animals due to relative 
low cost per unit of energy (Huhtanen et al., 2006). 
 When cattle are brought into the feedlot to be placed on a high-energy diet, the 
concentrate feeding should be transitioned gradually while animals are closely monitored. This is 
particularly important if the cattle were grown on roughage-based diets. As discussed by 
(Kellems, 2002), a smooth diet changeover will reduce excessive consumption of concentrates, a 
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situation that would otherwise lead to acidosis. Acute acidosis can caused death or impose long-
term health consequences and adverse performance. Typically, an approach to start cattle on feed 
is to provide a relatively low concentrate diet (40 to 50%) for a start (Jurgens, 2007). This would 
be followed by a series of step-up diets with increasing amounts of about 10 to 20% concentrate 
levels over a period of 21 to 28 days (Jurgens, 2007). Depending on cattle intake patterns and the 
amount of concentrate added, each dietary level is fed for 3 to 7 days (Kellems, 2002). In 
general, high grain finishing diets must accommodate some amounts (3 to 15%) of roughage 
(Kellems and Church, 2002). 
 Corn silage has been used as a staple feedlot cattle diet, especially when grain prices are 
high (Jurgens, 1982). In addition, silage is a better alternative in situations when less rainfall has 
affected the corn crop during the growing season, considering the feeders would utilize the entire 
plant. In beef production, roughages form an important part of feedlot diets and influence rumen 
environment (Jurgens, 2007). However, on an energy basis, roughages are expensive 
components in finishing diets. 
 Kreikemeier et al. (1990), when evaluating effects of dietary roughage and intake on 
finishing cattle, reported better weight gain for steers fed 5 and 10% roughage compared to those 
given zero and 15%. In another study, when growing finishing cattle were fed whole shelled corn 
based diets at 7.5% and 15% roughage levels, Stock et al (1990) did not observe any difference 
in daily gain, however, the dry matter intake was higher for 15% diets. These results suggest that 
silage is not only a great fiber source for cattle but also provides energy and other nutrients 
necessary for good performance. 
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 In a trial, using pen-fed crossbred yearling cattle, Stock et al. (1990) showed that high-
moisture corn (HMC) was more efficient for weight gain (P < 0.01) than cattle fed dry-rolled 
grains. At the same time, when levels of dietary roughage were increased (0, 3, 6, and 9%) FE 
decreased. Zinn et al. (2011), in a study involving feedlot cattle, indicated that the proportion of 
starch digested in the rumen for HMC was about 8% higher compared to steam-flaked grains, but 
both had similar total tract starch digestion. 
 Corn silage has been reported to be the most widely fed silage in the United States cattle 
industry compared to the other silage yielding crops (Ensminger and Heinemann, 1990). Besides, 
the corn crop provides more total digestible nutrients in an acre in comparison to other forage 
crops (NRC, 1976; Jurgens, 1982). Over a period of time, silage making in the United States has 
benefited from modern technology, improved harvesting, enhanced handling equipment together 
with lower costs and improve storage methods (Ensminger and Heinemann, 1990). Furthermore, 
ensiling corn silage at the appropriate stage and use of proper techniques would preserve 85% 
and above of the crop feed value (Ensminger and Heinemann, 1990). The authors noted that 
haymaking could only preserve upto 80% of the feed value, even in optimum conditions. In 
addition, silage making enables removal of the forage crop from the land far earlier than 
haymaking option, thus freeing the land for other operations. 
Feedlot Housing Systems 
 Apart from nutrition, water and health care, feedlot cattle deserve proper housing to 
modify environmental challenges and reduce stress that would otherwise impact productivity and 
ultimately influence economic margins (Gaughan et al., 2010b). In the Midwest United States, 
beef cattle feedlot housing systems are varied in design, capacity and cost of construction 
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depending on each operation’s focus and ability (Honeyman et al. 2010; Lobeck et al., 2011). In 
general, the choice of a good site with appropriate soils and slope is important for drainage, a 
step that also reduces construction cost (Bibbiani, 2004; Field, 2012). 
 Pens with dirt floors need good maintenance to reduce mud or water accumulation during 
the wet season. Furthermore, the design, should allow spacious animal space for behavioral 
thermoregulation with good air movement (Field, 2012). In addition, feeder and watering space 
ought to be enough for the intended pen population (Kellems and Church, 2002). Concrete floors 
should have grooves for slip resistance and an easily manageable drainage system provided. 
Fences, walls and gates should be strong enough to withstand impact from the animals (Bibbiani, 
2004). Additionally, proper machinery access for the feedlot services should be considered ahead 
of time. 
 Depending on the locality and enterprise management goal, feedlots with a shade or 
shelter area should be aimed at minimizing the effects of solar radiation during hot summer 
months; rainstorms and strong winds in the spring and heavy snow during harsh winters 
(Gaughan et al., 2009; Gaughan et al., 2010b). In addition, it is important to be careful during the 
design and in the implementation stage that the benefit derived from the cattle structure in the 
winter seasons does not offset expected benefits during periods of high heat in the summers 
(Mader et al., 1997). For example, having a winter windbreak is important in protecting cattle 
from wind-chill, but the design in place should not limit airflow during hot seasons (Mader et al., 
1997). 
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Open Pen with Overhead Shelter  
 In general, this system provides an earth lot with a shelter area where cattle have free 
access from the feedlot side (Hoffman and Self, 1970; Pusillo et al., 1991). The shelter walls 
were not insulated but were a good windbreak during the cold winter. The shelter area also 
provides extra space for cattle in addition to the open lot area (Hoffman and Self, 1970). 
Additionally, the shelter provides cover from direct radiation, rainstorms and snowstorms. 
The open lot section is mostly dirt with concrete provided in all high traffic areas such as 
alongside the feed bunks and watering points (Hoffman and Self, 1970). However, it is not 
surprising to find some modern lots having a complete concrete floor for easer manure 
management (Lawrence et al., 2006). 
Open Pen with No Shelter  
 This housing type is similar to the one described above accept without the shelter 
component. However, the system should provide a high enough windbreak wall located to 
protect against the direction of strong wind (Hoffman and Self, 1970; Lawrence et al., 2006).  
Confinement Building 
 This system design provides a building with walls without insulation and a set of fence-
line feed-bunks (Leu et al., 1977). Typically, the floor could be either solid concrete or slatted 
with concrete slats and a manure storage system created for easier manure management 
(Lawrence et al., 2006). According to the beef feedlot systems manual, a publication for Iowa 
State University extension, modern structures have manure deep pits underneath the floor while 
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the older designs had a manure lagoon constructed a few meters from the buildings (Lawrence et 
al., 2006). 
 The roof is high enough and comes in different designs with proper ventilation to 
facilitate air circulation (Field, 2012). 
Climatic Transitions in Northern Latitudes 
 Typically, different climatic seasons bring along varied environmental challenges to the 
livestock productivity. In the Northern Hemisphere, there are consistent cyclic annual climatic 
patterns, which results into four distinct seasons (Scott, 1996; Moran and Hopkins, 2002). These 
seasons are as follows: winter, spring, summer and autumn, which is commonly referred to as 
fall. 
Winter Season 
 In temperate climates, winter is the coldest season of the year, but some are snowier and 
colder than others. In the Northern Great Plains, the occurrence and frequency of arctic air 
influences largely how low the temperatures will drop (Scott, 1996). If the polar-cold air persists 
when the ground is already covered with snow, then the weather turns colder than the long-term 
average. Wind chills, blowing and drifting snow can make winter extremely hard for both 
animals and for the people (Ames and Insley, 1975). However, winter conditions can vary 
widely; there are times when winter temperatures are relatively mild in Iowa. The winter season 
occurs between fall and spring seasons. In Iowa, typically the season extends from the month of 
December, January, and February to the middle of March. 
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 Cattle respond to cold exposure by increasing body heat production through raised 
metabolic rate (Beaver, 2010). During extreme winter weather, animals will increase feed intake, 
have lower weight gain and poorer FE. Naturally, feedlot cattle adapt to winter temperatures 
gradually as the season thermal environment starts transitioning. Cattle will deposit an insulating 
fat layer early before winter if energy level in their diet is adequately high and at the same time 
their hair coat will grow longer and thicker (Ganslosser, 2008). 
 During winter, proper strategic feedlot management can mitigate challenges of harsh 
weather. Adequate energy feeds and water access are very important for cattle during winter 
months (De Passille and Rushen, 2004). For instance, providing a windbreak or shelter, will do a 
good job in protecting cattle from extreme cold (Ames and Insley, 1975). It is also important to 
reduce the snow load inside the pens. In North Dakota when finishing cattle were provided with 
modest amounts of straw for bedding during winter, Anderson and Wiederholt (2007) reported 
improved feed efficiency and a daily gain advantage of 0.86 lb over those that were not provided 
with any straw. 
Spring Season 
 Spring season occurs after the winter season and precedes the summer season, in the 
months of March, April and May in midwest United States (Scott, 1996; Moran and Hopkins, 
2002). In Iowa, after the spring equinox, which in general occurs around March 21, daylight is 
longer and the temperatures are mild. The frequency and blasts of polar air diminishes while 
pacific and tropical air masses increase their occurrence, especially in April (Moran and 
Hopkins, 2002). 
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 Precipitation in the form of rainfall rather than snowfall is more frequent in spring. In 
addition, weather challenges range from thunderstorms sometimes accompanied by strong 
lightning, hailstone and strong surface winds (Changnon and Kunkel, 1995). In spring weather, 
there is possibility of tornados, which carry great destructive potential to everything in their 
pathway. 
Feedlot cattle could be faced with major discomfort in the spring season associated with 
weather challenges. These conditions include muddy and soggy pens, which potentially could 
lead to lameness, reduced performance and infections (Reeves et al., 2013). Therefore, spring 
season brings along necessary daily tasks that requires keen attention to keep the animals 
comfortable in feedlot operations. 
Summer Season 
 Summer is the warmest season of the year in temperate climates. In the United States 
summer follows spring and precedes fall season, in the months of June, July and August. In 
general, daylight is longer than night and it is within this season when solar radiation reaches its 
peak intensity in midwest United States (Moran and Hopkins, 2002). On average, July is the 
warmest month of the year with occasional heat waves and high humidity which make it very 
uncomfortable for both people and animals (Brown-Brandl et al., 2005). Sometimes, lower 
precipitation than the average rainfall will occasionally result in a stressful drought for crops and 
pastures (NOAA, 2013). 
 Summer weather with prolonged excessive solar radiation and humidity affect livestock 
performance with potential risk for hyperthermia (Brown-Brandl et al., 2003). 
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Fall Season 
 Fall season is a transition period between summer and winter, which occurs in the months 
of September, October and November in Midwest United States. After the autumn equinox 
(September 21), daylight is shorter than night and episodes of humid and warm weather is less 
frequent (Scott, 1996). By late fall, invasions of polar cold air masses are more frequent with 
occasional snow experience by November (Moran and Hopkins, 2002). 
 In the fall, weather is inherently variable within a short span of time, a factor that makes 
it difficult for both animals and people to acclimatize to the ever-changing environment (NOAA, 
2013). This situation calls for a closer day-to-day feedlot management strategy in order to make 
the cattle comfortable. 
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CHAPTER 3 
MATERIALS AND METHODS 
Experimental Procedure 
 This research work was conducted for a period of four years at Iowa State University, 
Allee Experimental Farm, Newell, Iowa. The facilities primary coordinates are 42.60° N latitude, 
95.01° W longitude and mean elevation of 1253.28 ft above sea level (USDI, 2013). A total of 
1,987 yearling steers predominantly of mixed British breeding, with an average starting weight 
of 700 lb were used in this study. Steers were purchased from sales barns mostly in the midwest 
states of Iowa, Wisconsin and North Dakota with a few cattle bought in Oklahoma. 
 Prior to the start of the trials, each group of steers was given a resting period of between 
48 - 72 hr upon arrival at the research center and fed corn-silage ad libitum. After adjustment 
period, steers were individually weighed, ear-tagged and implanted with a growth stimulant 
Compudose®, under the skin of the ear. A pen with an average of 20 steers was the experimental 
unit. Steer body weight and color pattern were equalized across the treatments. 
 The trial was a randomized complete block design. Each block (year) was a complete 
replication of 24 pens, randomly assigned to treatments. The treatments were 2-levels of diet, 3-
levels of housing facilities, and season with 4-levels per year. Throughout this dissertation, 
“blocks/years” will be referred to as “cycles”. Each cycle began in the month of December with 
the first set of experiments of six pens for winter season, second set in March, then June and the 
final set in September with an aggregate of 24 pens each cycle. Appendix D part A shows the 
pens layout and part B depicts the experimental arrangement at the farm. 
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Dietary Treatments 
 Two dietary treatments were offered to steers within different housing types at the onset 
of every experiment. These diets were: 1) a mixture of processed high moisture corn grain (77% 
DM), which provided 85% of energy together with whole plant corn silage that made up the 
remainder part of the diet; 2) access to a whole plant corn silage diet (35% DM). In both diets, a 
protein, vitamin and mineral supplement was added to meet beef cattle dietary requirements 
(NRC, 1976). Cattle were fed complete mixed rations once every morning. The steers had ad 
libitum access to feed; consumption was monitored and recorded daily. Feed samples were taken 
twice every week for DM determination. 
Housing Treatments  
 The housing treatments consisted of outside lots measuring 35 ft wide and 100 ft long 
and were: 1) shelter with overhead roof and enclosed on the three sides and open on the south 
side (S), or 2) no shelter without any overhead cover and 7 ft windbreak on the north side (NS), 
or 3) confinement barn with open front side (C). More specific details of the housing facilities 
were described in previous work (Hoffman and Self, 1970, Leu et al., 1977).  
Both the S and NS had steel cable fence lines anchored on wooden posts and provided a 
3500 square feet area of open space. The pens were set up in pairs, with a 12 ft driveway in place 
between two pairs of pens for the feed delivery services. In addition, a linear space of 2 ft per 
steer was provided at the feed bunks, which were located along the driveway. In each pen, an 
automatic waterer appropriate for all seasons was provided. Pens were oriented in a north-south 
direction with a 4% graded slope to the south. The shelter or windbreak was located on the 
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northern end of each pen. A concrete floor was maintained at the feed bunks, around watering 
points and in high traffic areas. 
Two pens at the northern part of the feedlot area were oriented in a west-east direction, 
each representing the S and NS treatments. For S, an additional sheltered area of 45 square feet 
area per animal was provided. Steers accessed the shelter area freely from the open pen side. The 
S and NS facilities were similar, with the only difference being that the NS cattle did not have 
access to the shelter area. 
 The third type of housing C consisted of a semi-enclosed confinement building covered 
on the sides with aluminum walls insulated with a layer of styrofoam and a vapor barrier under 
the roof. The pens had a concrete floor with either flush flumes or slots over a shallow pit. Each 
steer was provided a floor space of 21.5 square feet. Manure waste was optimally managed, and 
flushed into the lagoon system on the southern side of the facility. Similarly, for easier lot 
management, the feed bunks were located on the north side of the pen along a 16 ft wide indoor 
driveway.  
 Each of the housing treatments were replicated, and therefore there were approximately 
40 steers per housing treatment and an average of 120 steers in a season that resulted in an 
average of 480 steers every cycle. 
Seasons 
 The seasonal levels meant steers were placed into the feedlot four times per year, where 
they were fed different diets in different housing facilities until when they were considered ready 
for slaughter. The seasons were December (winter), March (spring), June (summer) and 
September (fall) which is symbolic to the major seasonal divisions of the year in the upper 
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midwest United States. The factorial experimental design 2 (diet) × 3 (housing) × 4 (season) was 
replicated for 4 cycles. 
Recorded Parameters 
 In each pen, steers were weighed individually prior to the morning feeding every 28 to 35 
days. Average daily gain was calculated for the pen and subsequently for the treatment groups. 
Feed consumption was recorded daily. The ADMI and FE were calculated per pen and 
eventually for the treatment group. These parameters ADG, ADMI and FE were used to evaluate 
the feedlot performance against the imposed treatments. 
 The feeding period was terminated when each test group of steers attained acceptable 
market average weights and it was projected that 75 – 80% of all animals in the treatment would 
receive the USDA Choice grade. After the final weighing, steers were transported to a 
commercial packing plant for processing. At the plant, carcass evaluations were performed, with 
HCW recorded before storage for an overnight 24-hr chill. Following overnight storage, BF and 
REA measurements were obtained and USDA certified graders determined the YG and QG, and 
estimated KPH percentage. The above stated parameters were eventually used for carcass 
characteristics evaluation for every treatment. 
In addition, performance analyses for six diet-housing systems combinations were 
completed. These diet-housing systems were defined as follows: 1) shelter corn-based (SC); 2) 
shelter silage-based (SS); 3) no shelter corn-based (NSC); 4) no shelter silage-based (NSS); 5) 
confinement corn-based (CC); and 6) confinement silage-based (CS). 
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Economic Analysis 
 An economic analysis was completed for each of the six treatment (diet-housing) systems 
i.e. SC, SS, NSC, NSS, CC and CS. A system analysis approach was important first for 
evaluating the various feedlot systems and then for comparison between the systems. 
 To evaluate fixed and variable costs associated with each experimental system, two set-
up scenarios were developed. The first approach was the use of the annual scenario, where 
averages for the thirteen year (2000 to 2013) cattle-cycle were used to define feeder cattle prices, 
feed costs and fed cattle sales (Dr. Lee Schultz, Iowa State University extension economist, 
2013, personal communication). The rationale for this approach was due to the cyclicity of cattle 
prices, cost of feedstuffs and returns. A thirteen-year window was used to establish historical 
relationships as well as accommodate appropriate variations in respective prices (Schultz, 2013). 
The second approach was the seasonal scenario. In this approach, the set-up was similar 
to the one for the first option, except the prices for feeder cattle, feed components and fed cattle 
were obtained from the thirteen-year cattle cycle averages for corresponding months. In addition, 
price sensitivity analysis was done to determine effects of income over total cost when changes 
occurred in prices for corn, corn silage, feeder cattle and fed cattle. 
 Information for the feed rations, performance and carcass data from the four year study, 
was used as the base for calculating the estimated returns for the treatments systems. For 
example, corn-based diets required an approximate 5.5 months feeding period for steers to attain 
market weight. While in the systems, where corn silage was imposed took an average 7.9 of 
months for steers to attain market weight. Values for feeder cattle, live finished cattle, carcass 
grades, corn, corn silage and mineral-vitamin supplement were based on the USDA Historic 
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Agricultural Prices, obtained from the dynamic steer enterprise economic model prepared by Dr. 
Lee Schulz (personal communication). This model is extensively used to publish monthly 
estimated returns for cattle by extension economics personnel to serve as a barometer for 
profitability of the industry in Iowa. Furthermore, the model reflects the impact of input and 
output prices for each month and year (Shane, 2013). Dr. Lee Schulz prepared a Livestock 
Enterprise Budget worksheet, for each housing-diet system, based on the “Finishing Yearling 
Steers” for Iowa (Appendix B). The housing facilities pricing was based on modern feedlot 
construction, including overhead items, cattle handling and feeding equipment as outline in the 
Beef feedlot systems manual (Lawrence et al. 2006). 
Statistical Analysis 
 As noted above, the experimental design was a complete randomized block. Preliminary 
analyses were done using SAS PROC MEANS and PROC UNIVARIATE to check the validity 
and distribution of all data. Subsequently, a few weights on individual steers between repeated 
measures of weight on the same steer were adjusted by linear interpolation where necessary. 
PROC MEANS was used to calculate CYCLE, SEASON, DIET, HOUSING-PEN means for 
subsequent analyses of variance. Final analyses were computed using SAS PROC MIXED; 
version 9.3 (Little et al., 2006). Each analysis was completed by using the ddf=KR (Kenwood 
ROGERS) option to calculate degrees of freedom for F-tests. Least-squares means and standard 
errors for DIET, HOUSING, and SEASON were calculated by using the PDIFF and 
adjust=TUKEY options. By using these two options, we were able to obtain all possible pair-
wise differences among least-squares means among levels within a factor. 
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RESULTS AND DISCUSSION 
Cattle Performance 
 All the cattle (n = 1,987) were in good health without any major disease challenge at the 
farm for the duration of this study. A careful handling and feeding program was applied to 
minimize feed wastage and optimize feed efficiency. 
 Table 1 represents the ANOVA results for feedlot steer performance. From the data 
shown, effect of diet, housing,  season and cycle (P < 0.001) influenced ADG and final weight, 
as well as the interaction of diet × season (P < 0.05), but not ADMI (P > 0.05). The main effect 
of diet affected FE (P < 0.001). Likewise, the effects of cycle and interaction of diet × season 
affected FE (P < 0.05). The data also indicated that ADMI was significantly different within 
cycles (P < 0.001).  
Table 1. ANOVA for feedlot steers performance1 
Effects P < F 
 DF Final, wt ADMI ADG F: G ratio 
Diet 1 0.0001** 0.3251 0.0001** 0.0001** 
Housing  2 0.0001** 0.2376 0.0014* 0.7701 
Season 3 0.0001** 0.1308 0.0001** 0.7138 
Cycle 3 0.0001** 0.0001** 0.0001** 0.1755 
Diet × housing 2 0.3684 0.6398 0.2463 0.4112 
Diet × season 3 0.0231* 0.0852 0.0279* 0.0875* 
Season × housing  6 0.2874 0.5545 0.3909 0.7400 
Season × diet × housing 6 0.4911 0.9673 0.7238 0.9600 
1ANOVA = analysis of variance for steer performance; (**p < = 0.0001 and *p < = 0.05). 
Average Dry Matter Intake  
Dry matter intake is an important measurable tool usually used to evaluate cattle 
performance. Our results demonstrated that ADMI was not influenced (P > 0.05) by the dietary 
treatment. However, steers that were put on a processed high moisture corn diet had a slightly 
31 
 
 
higher ADMI than those on the whole plant corn silage diet, 18.80 lb and 17.80 lb, respectively 
(Table 2). 
Table 2. Least squares means and SE for steers performance by dietary  treatments 
Diet1 Corn-based Silage-based 
Item2 
 
SE 
 
SE 
Initial wt, lb 703.00a 12.20 704.00a 12.80 
Final wt, lb 1164.00a 3.90 1139.00b 3.90 
DOT, d 165.00a 2.00 232.00b 2.00 
ADMI, lb/d 18.80a 0.70 17.80a 0.70 
ADG, lb/d 2.81a 0.04 1.78b 0.04 
F:G ratio 6.73 a 0.30 9.70 b 0.30 
1Corn based = processed high moisture corn grain-based diet; silage-based = whole plant 
corn silage-based diet. 
2DOT = days on test; ADMI = average dry matter intake; ADG = average daily gain; F: G 
= feed to gain ratio (lb of DM/lb of gain). 
a, b Superscripts with different letter in the same row are significantly different (P < 0.05). 
 
The modest difference in ADMI for the two diets could be associated in part to the 
content levels of concentrate and fiber in the mixed rations. In fact, the high fiber content for 
whole plant corn silage diet compared with corn-based diet provided distinct physical bulkiness 
between the two diets. The fiber content of a diet exerts its physical effects in the gut of cattle 
(Jurgens, 2007). The physical distension of the reticulum and cranial sac limits roughage intake 
in ruminant species (Grovum, 1988). In addition, Grovum (1988) suggests that roughage intake 
may also be affected by concentration and osmolality of hydrogen ions and volatile fatty acids 
(VFA, acetic and propionic acids) in the reticulorumen and ruminal veins. In cattle, rumen 
microorganisms degrade feedstuffs to produce VFA, which in turn supply 70 - 80% of the host 
animal caloric requirements (Fahey and Berger, 1988). Therefore, the difference in bulkiness, 
digestion rate and rate of passage of these diets could influence the overall pattern of ADMI for 
the steers. 
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Although housing treatments did not affect the ADMI (P > 0.05),  steers in NS consumed 
slightly more DM than those in S which was an average of 19.10 lb and 18.60 lb of DM intake, 
respectively (Table 3). In addition, cattle in the confinement building had the lowest average 
intake of 17.10 lb in DM. These results are in agreement with a study where 916 steers were fed 
over three winter and two summer trials by Muhamad et al. (1983) who reported a similar trend 
when cattle with overhead shelter and no shelter housing had higher DM and energy intake than 
those in a confinement building. In another study comparing different housing types for finishing 
steers, Leu et al. (1977) found cattle in confinement had lower DM intake (P < 0.05)  while S and 
NS groups consumed the same amount. Koknaroglu et al. (2008) published similar findings, 
where effects of housing on feed intake of 188 steers fed on an ad libitum ration of corn plus 
sorghum silage during summer, showed that cattle in confinement had lower DM intake (P < 
0.05) than those in S and NS facilities. 
Table 4 gives a summary of least square means and standard errors for feedlot 
performance by season when steers were put on feed. Steers that were put on feed in spring had 
the highest ADMI followed by those put into feedlot in the summer season (P > 0.05). The intake 
for winter cattle was the lowest while fall cattle intake was intermediate (P > 0.05). Nevertheless, 
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Table 3. Least squares means and SE for steers performance by housing treatment  
Housing1 Shelter No shelter Confinement 
Item2 
 
SE 
 
SE 
 
SE 
Initial wt,lb 704.00a 13.40 704.00a 13.40 703.00a 13.40 
Final BW, lb 1173.00a 4.90 1156.00b 4.90 1122.00c 4.70 
DOT, d 199.00 2.33 198.00 2.33 199.00 2.34 
ADMI, lb/d 18.60a 0.90 19.10a 0.90 17.10a 0.90 
ADG, lb/d 2.40a 0.04 2.33a 0.04 2.16b 0.04 
F:G ratio 8.10a 0.40 8.40a 0.40 8.20a 0.50 
1Shelter = open pen with shelter; no shelter = open lot without shelter & confinement = cold confinement building.  
2DOT = days on test; ADMI = average dry matter intake; ADG = average daily gain; F: G = feed to gain ratio (lb of ADM/lb of gain). 
a, b, c, Superscripts with different letter in the same row are significantly different (P < 0.05). 
Table 4. Least squares means and SE for steers performance by season treatment when steers were put on feed 
Season1 Dec : winter Mar : spring Jun : summer Sept : fall 
Item2 
 
SE 
 
SE 
 
SE 
 
SE 
Initial wt, lb 695.00a 14.20 705.00a 14.40 706.00a 14.20 707.00a 13.90 
Final wt, lb 1127.00a 5.50 1152.00b 5.80 1148.00b 5.50 1176.00c 5.50 
DOT, d 208.00 2.71 196.00 2.71 191.00 2.73 200.00 2.65 
ADMI, lb/d 16.70a 1.00 19.00a 1.00 18.90a 1.00 17.60a 1.50 
ADG, lb/d2 2.14a 0.05 2.50b 0.05 2.34bc 0.05 2.19ac 0.05 
F:G, ratio 8.20a 0.40 8.10a 0.60 8.60a 0.40 8.00a 0.40 
1December = winter season; March = spring season; June = summer season; and September= fall season.  
2DOT = days on test; ADG = average daily gain; ADMI = average dry matter intake; F: G = feed to gain ratio (lb of DM/lb of gain). 
a, b, c, d, e Superscripts with different letter in the same row are significantly different (P < 0.05). 
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intake did not differ significantly across the four seasons (P > 0.05). These results were 
consistent with Pusillo et al. (1991) in which steers were placed on feed in bi-monthly intervals 
and, showed that cattle started on feed in May had the highest intake while those put on feed in 
November had the lowest DM intake. It seems apparent that cattle transitioning into spring 
season from winter had an improved DM intake as temperatures also became less cold. 
As shown in Table 5, the housing-diet system did not influence ADMI (P > 0.05). 
However, there was a tendency for steers in NSC system to consume more feed compared to the 
other systems, while cattle in CS had the lowest ADMI (Figure 1.A). In general, the ADMI 
across these production arrangements resulted in acceptable consumption levels for all the cattle 
groups. 
One could also observe that steers in NSC and NSS systems were more directly exposed 
to environmental factors that could potentially induce greater physiological stress than for cattle 
in either S or C. Therefore, it is understandable then that these animals consumed higher DM 
than their counterparts in other types housing as a means to overcome any physiological stress, 
because cattle exposed to inclement weather conditions have higher maintenance demands 
(Jurgens, 2007). Muhamad et al. (1983) observed that steers without an overhead shelter did not 
only consume higher DM but also more energy compared to confinement cattle.  
Average Daily Gain and Final Weight 
As expected from the experimental design, the initial body weight did not differ (P > 
0.05) across treatments or among housing-diet system combinations (Table 5).  
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Table 5. Least squares means and SE for performance by housing-diet combinations  
Housing1 Shelter No-Shelter Confinement 
Diet2 Corn base Silage based Corn based Silage based Corn based Silage based 
Item3 X SE X SE X SE X SE X SE X SE 
Initial wt,lb 689.60a 2.70 687.90 a 2.50 688.10 a 2.90 691.80 a 2.60 686.30 a 2.90 690.90 a 2.50 
Final wt, lb 1175.90 a 10.50 1120.10 bc 10.50 1162.40 acd 10.50 1099.40 b 10.90 1120.30 bd 10.80 1085.30 b 10.47 
DOT, d 166.00 a 3.00 232.00 b 3.00 164.00 a 3.00 232.00 b 3.00 166.00 a 3.00 232.00 b 3.00 
ADMI, lb/d 18.62 a 1.20 19.04 a 1.20 19.80 a 1.20 18.16 a 1.26 18.15 a 1.25 15.97 a 1.21 
ADG, lb/d 2.94 a 0.07 1.86 b 0.07 2.90 a 0.07 1.77 b 0.08 2.60c 0.07 1.71 b 0.07 
F:G ratio 6.33 a 0.48 9.98 b 0.48 6.90 a 0.48 9.95 b 0.50 7.00 a 0.50 9.29 b 0.48 
1Shelter = open lot with shelter; no shelter = open lot without shelter; confinement = cold confinement building. 
2Corn based = processed high moisture corn grain based diet; silage based = whole plant corn silage based diet. 
3DOT = days on test; ADG = average daily gain; ADMI = average dry matter intake; F: G = feed to gain ratio (lb of DM/lb of gain). 
 a,b,c,d,e, Superscripts with different letter in the same row are significantly  different (P < 0.05). 
36 
 
 
 
 
 
 
 
Figure 1. Comparison of least squares means across housing-diet systems: A. Average dry 
matter intake (ADMI); B. Average daily gain (ADG); C. Feed efficiency (FE). SC = shelter 
corn, SS = shelter silage, NSC = no shelter corn, NSS = no shelter silage, CC = confinement 
corn, CS = confinement silage. 
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 Table 2 shows that steers fed a corn-based diet had superior rate of gain (2.81 lb) 
compared to those put on silage diet (1.78) which was different (P < 0.05). The final weight for 
dietary treatments was significantly different (P < 0.05); in that steers fed a corn-based diet, 
attained 25 lb higher weight compared to those offered a silage-based diet. Furthermore, steers 
fed a corn based diet attained expected market weight earlier (165 days; P < 0.05) than those fed 
a silage based diet which took 232 days. Our findings are in agreement with the work reported by 
Muhamad et al. (1983), where different levels of corn and silage rations were evaluated on 
steers’ performance. The authors found that steers on a corn grain and corn silage diet in a ratio 
of energy of 25:75 had a lower ADG (P < 0.05) compared to those fed 55:45, while steers on 85: 
15 had the highest rate of gain. Thus, the disparity in ADG between the two diets used in our 
study followed a similar trend, whereby the 100% silage diet had the lowest rate of gain. 
 Within the housing facilities (Table 3), cattle in S had the highest ADG of (2.40 lb), 
which did not differ (P > 0.05) with steers housed in NS (2.33 lb). Besides, cattle in C had the 
lowest ADG (2.16 lb) and differed (P < 0.05) with S and NS housing types. Similarly, steers in 
the S had the highest final weight followed by those in NS while steers in C had the lowest (P < 
0.05). Cattle productivity is affected by the climatic conditions of their surroundings (Nienaber 
and Hahn, 2007; Mader et al., 2010). Thus the housing types in use for feedlot cattle production 
attempts to create a microclimate that ought to improve cattle performance especially during 
harsh weather conditions (Lawrence et al., 2006). Our data indicated that S and NS housing 
provided better options for feedlot production in terms of steers ADG and the ultimate final 
weight than in a C facility. 
 As shown in Table 4, cattle that were started on feed during winter season had the lowest 
ADG followed by steers put into the feedlot in fall season (P > 0.05), while steers put on feed 
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during spring had the highest ADG (P < 0.05), although they did not differ (P > 0.05) with 
summer started cattle. The ADG for spring and summer cattle significantly differed with those 
started on feed during winter (P < 0.05). Surprisingly, seasonal effects for final weight did not 
follow a similar trend as the ADG, where steers put on feed in the fall, spring, summer and 
winter had the highest weight in that order. These weights are probably a reflection of when they 
were judged to be ready for market based upon performance and projected market grades. 
Table 5 shows a summary for least squares means and standard errors for housing-diet 
system combinations. Across the six systems, the ADG differed (P < 0.05) between steers that 
were put on a corn diet and those fed a silage based diet. Steers fed a corn diet had better rate of 
gain in that SC and NSC had 2.94 lb, 2.90 lb, respectively (P > 0.05), while CC  had 2.60 lb 
ADG which differed (P < 0.05) from the other two systems (Figure 1. B). On the other hand, in 
comparison to corn fed steers, steers on the silage-based diet had lower ADG as noted by 1.86 lb, 
1.77 lb and 1.71 lb for SS, NSS and CS, respectively (P > 0.05). Figure 2.A, shows that steers in 
SC had the highest final weight followed by those in NSC, while steers in CS had the lowest (P < 
0.05). In general, housing systems did not influence days on test for steers to attain market 
weight, but rather the two diets imposed into the housing arrangement provided the greatest 
influence (Figure 2.B). 
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Figures 2. Comparison of least squares means across housing-diet systems: A. Final weight; B. 
Days on test. SC = shelter corn, SS = shelter silage, NSC = no shelter corn, NSS = no shelter silage, 
CC = confinement corn, CS = confinement silage. 
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Feed efficiency  
 Broadly defined, FE represents a ratio that relates a specific quantity of feed consumed 
per unit of gain in body weight (Jurgens, 1982). Steers were more efficient when placed on a 
corn-based diet than those placed on a corn silage diet (Table 2; P < 0.05). Due to this fact, steers 
on the corn diet attained their market weight about nine weeks earlier than cattle fed a silage diet. 
 The results in Table 3 indicated that steers that were housed in S were slightly more 
efficient than those in C and NS, although their differences were not significantly different (P > 
0.05). Within the three housing arrangements (Table 4), the season effects did not affect FE (P > 
0.05). Steers were able to equalize their FE across the four seasons. Overall Figure 1.C shows 
that SC system was slightly more efficient followed by NSC and CC in that order (P > 0.05). In 
the silage fed groups, steers in CS were slightly more efficient than NSS and SS cattle (Table 5; 
P > 0.05). 
Carcass Evaluation 
Table 6 shows the ANOVA for carcass characteristics of feedlot steers. The effects of 
diet, housing, season and cycle affected HCW and DP (P < 0.001). In addition, BF, KPH, YG 
and QG were significantly affected by dietary treatment, cycle (P < 0.001), and season (P < 
0.05). 
The data in Table 7 contain least squares means and standard errors for effects of dietary 
treatment on carcass characteristics. The HCW for steers fed corn based diets were 7.4% heavier 
than those offered silage (P < 0.05). 
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Table 6. ANOVA for carcass characteristics of feedlot steers1 
Effects2 P < F 
 DF HCW DP BF REA KPH YG QG 
Diet 1 0.0001 0.0001 0.0001 0.6956 0.0001 0.0001 0.0001 
Housing 2 0.0001 0.0043 0.0536 0.3231 0.3381 0.1031 0.8219 
Season 3 0.0001 0.0198 0.0239 0.1539 0.0454 0.0128 0.0019 
Cycle 3 0.0001 0.0001 0.0001 0.0001 0.0006 0.0007 0.0001 
Diet × house 2 0.2647 0.6235 0.9752 0.9303 0.6863 0.8021 0.8268 
Diet × season 3 0.2478 0.2723 0.4827 0.4381 0.5889 0.1684 0.4176 
Season × house 6 0.6135 0.9958 0.7566 0.9579 0.5528 0.6273 0.9238 
Season × diet × housing 6 0.3526 0.6397 0.3225 0.6892 0.6639 0.7122 0.6351 
1ANOVA = analysis of variance for feedlot carcass characteristics (p < = 0.001 and p < = 0.05). 
2HCW = hot carcass weight, DP = dressing percentage, BF = backfat, REA = ribeye area, KPH = 
kidney, pelvic and heart fat, YG = yield grade, QG = quality grade.  
 
 
Table 7. Least squares means and SE for effects of dietary treatment on carcass 
characteristics 
Diet1 Corn based diet Silage based diet 
Item2 
 
SE 
 
SE 
HCW, lb 712.00a 3.09 659.00b 3.09 
DP,% 61.00a 0.14 58.00b 0.14 
REA, sq in 12.13a 0.11 12.19a 0.11 
BF, in 0.53a 0.08 0.37b 0.08 
KPH, % 2.15a 0.05 1.56b 0.05 
YG 2.50a 0.03 1.90b 0.02 
QG  7.22a 0.09 6.21b 0.09 
1Corn-based = processed high moisture corn-grain based diet; silage-based = whole plant corn 
silage-based diet. 
2HCW = hot carcass weight, DP = dressing percentage, REA = ribeye area, BF = backfat, KPH 
= kidney, pelvic and heart fat, YG = yield grade, QG = quality grade. 
a, b Superscripts with different letter in the same row are significantly different (P < 0.05). 
The computed DP followed a similar trend, whereby steers that were fed a corn diet had a 
higher DP (P < 0.05) compared to those put on a silage diet. Across the test groups, dietary 
treatments did not significantly affect REA (P > 0.05). Steers that were fed a grain diet had 
30.2% thicker BF than those on silage (P < 0.05). Similar findings were reported when steers 
were fed diets of 37 and 74% silage ad libitum, and there was a 22.4% difference in BF thickness 
(Brennan et al., 1987). Cattle fed the corn diet had 27.4% higher KPH than steers offered silage 
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(P < 0.05). These data show that steers fed corn-based diets were fatter than those fed a silage 
diet. 
 Cutability of beef is in general defined as the yield of closely trimmed boneless retail 
cuts, thus USDA Yield Grade 5 being the fattest while YG 1 being the leanest. The carcasses 
obtained from both diets had very acceptable estimates of beef cutability (Table 7). Our analysis 
confirmed that diet variability influenced YG (P < 0.05), whereby, silage fed steers produced 
leaner YG with lower numerical values averaging less than two. The YG for carcasses from 
steers fed a corn grain based diet averaged YG of 2.50 which is a value well within the 
acceptable range and considered a good estimate of edible lean meat. 
Based upon physiological maturity and marbling, the USDA Quality Grades are used to 
predict expected eating characteristics of cooked meat from beef carcasses (Lawrie and Ledward, 
2006). Appendix A, displays the USDA Quality Grade rankings and their numerical values. In 
general, QG are considered as a visual indicator for palatability. In our study, over 94% of steers 
in all treatment groups averaged Select and above, and 66% of those were within the Choice and 
Prime grades. Beef from the corn grain diet averaged low Choice and from the silage treatment 
averaged high Select. 
Least squares means and standard errors for effects of housing on carcass characteristics 
are shown in Table 8. Among the housing facilities, the HCW for steers in C was the lowest and 
those in S attained the highest weight (P < 0.05), while the groups in NS were similar to S. Steers 
housed in the three types of housing treatments had similar DP (P > 0.05). Steers in S had 
relatively larger REA in comparison with NS and C housed steers although the differences were 
not different (P > 0.05). Steers in C for the feeding period tended towards the lowest BF and 
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those in NS had the highest, while steers in S were intermediate, although the differences were 
not different (P > 0.05).  
Table 8. Least squares means and SE for effects of housing on carcass characteristics 
Housing1 Shelter Non-shelter Confinement 
Item2 
 
SE 
 
SE 
 
SE 
HCW, lb 697.00a 3.80 686.00a 3.80 673.00b 3.70 
DP 59.00a 0.18 59.00a 0.18 60.00a 0.18 
REA, sq in 12.32a 0.13 12.06a 0.10 12.11a 0.12 
BF, in 0.45a 0.09 0.46a 0.09 0.43a 0.09 
KPH, % 1.91a 0.06 1.87a 0.06 1.80a 0.06 
YG 2.23a 0.04 2.24a 0.04 2.13a 0.04 
QG 6.69a 0.11 6.77a 0.11 6.69a 0.11 
1Shelter = open lot with shelter; no shelter = open lot without shelter; confinement = cold 
confinement building. 
2HCwt = hot carcass weight; DP = dressing percentage, REA = ribeye area, BF = backfat, KPH = kidney, 
pelvic and heart fat, YG = yield grade, QG = quality grade.  
a, b Superscripts with different letter in the same row are significantly different (P < 0.05). 
Steers housed in S tended towards higher KPH followed by NS and finally C cattle (P > 0.05). 
The beef carcass estimates for retail cuts from the three housing arrangements were YG between 
2.13 and 2.24 (P > 0.05). Likewise, the overall housing treatment responses for QG were similar 
and within low Choice grade (P > 0.05). 
The data in Table 9 represents a summary for least squares means and standard errors of 
season when steers were placed on feed for carcass characteristics. Steers put on feed during the 
month of September had significantly (P < 0.05) higher HCW in comparison with steers from the 
other three seasons, while cattle put on feed during December, March and June had similar HCW 
(P > 0.05). The DP was lowest for March fed cattle and differed (P < 0.05) with those from 
December, June and September fed groups. Steers that were started on feed in September had 
slightly higher REA compared to those from the other three seasons (P > 0.05). The main effects 
of the season treatments affected BF (Table 9; P < 0.05). We can deduce from the data that steers 
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which were started on feed in September finished fatter (P < 0.05) than June, March and 
December started cattle. 
Table 9. Least squares means and SE for effects of season when steers were placed on feed on carcass 
characteristics 
Season1 Dec : winter Mar : spring June : summer Sept : fall 
Item2 
 
SE 
 
SE 
 
SE 
 
SE 
HCW, lb 672.00a 4.30 681.00a 4.60 684.00a 4.30 705.00b 4.08 
DP, % 60.00a 0.20 59.00b 0.21 60.00a 0.20 60.00a 0.20 
REA, sq in 12.00a 0.15 12.10a 0.15 12.10a 0.14 12.40a 0.14 
BF, in 0.42a 0.01 0.44a 0.01 0.45a 0.01 0.47b 0.01 
KPH, % 1.81a 0.06 1.78a 0.07 1.81a 0.06 2.01b 0.02 
YG 2.17a 0.06 2.17a 0.05 2.12a 0.05 2.33b 0.06 
QG 6.94a 0.13 6.45b 0.13 6.47b 0.13 7.00a 0.13 
1December = winter season; March = spring season; June = summer season; and September = fall season. 
2HCW = hot carcass weight, DP = dressing percentage, REA = ribeye area, BF = backfat, KPH = kidney, pelvic 
and heart fat, YG = yield grade, QG = quality grade. 
a, b Superscripts with different letter in the same row are significantly different (P < 0.05). 
The steers that were put into the feedlot in the month of December, understandably went 
through the longest winter feeding period. September started cattle had higher KPH (P < 0.05), 
while steers from the other three seasons had similar percentages. The carcasses for cattle started 
on feed in the month of September had numerically a higher YG of 2.33 (P < 0.05) compared to 
2.12 for June started steers, while both March and December started steers had an average grade 
of 2.17. Beef from cattle, that were put into the feedlot in December and September had similar 
QG of low Choice, while March and June steer QG were high Select. 
Table 10 shows the least squares means and standard errors for effects of housing-diet system 
combinations on carcass characteristics. Across the housing-diet systems, treatment 
combinations significantly influenced HCW, DP, BF, KPH, YG and QG (P < 0.05). As clearly 
shown in Table 10 and Figure 3.A, steers in SC and NSC groups had the highest HCW (P < 
0.05), while CC steers HCW was lowest and similar (P > 0.05) to NSC cattle, but differed (P < 
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0.05) with those in the SC system The HCW for the three silage systems were similar (P > 0.05), 
even though the SS system cattle had slightly higher HCW. The DP followed a similar trend as 
the HCW, in that steers groups where the corn diet was offered, had higher DP (P < 0.05). 
Likewise, the housing-diet systems with silage had similar DP (P > 0.05). 
Table 10 and Figure 3.C, shows that among the housing-diet combinations, REA did not 
differ (P > 0.05). Steers in SC, NSC, and CC had similar BF (P > 0.05), while silage steers 
groups attained similar BF (P > 0.05), but were lower than their corn grain counterparts (Figure 
4. A; P < 0.05). The steers that were in a corn-based system had similar KPH and steers offered 
silage attained similar (P > 0.05) percentages, but the two systems differed from each other 
(Figure 4.B; P < 0.05). The same trend was observed for the dietary effect of the systems for YG 
and QG, where steers in SC, NSC and CC attained similar YG and QG, while those in SS, NSS 
and CS systems were similar (Figure 5). Silage based diets produced higher percentage of YG 1 
and 2 (Table 11) compared to corn grain diets and are displayed in Table 11 and depicted as 
follows; YG 1 was 82% vs 18%, YG 2 = 60% vs 40, YG 3 = 20% vs 80% and YG 4 = 6% vs 
94%, respectively. In general, silage fed cattle had better YG than corn grain fed cattle; however, 
both diets had very acceptable YG. The YG among the three housing facilities were generally 
equally distributed (Table 12). 
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Table 11. Yield grade percentage distribution for diet treatments 
Item YG-1 
% 
YG-2 
% 
YG-3 
% 
YG-4 
% 
Corn based 18 40 80 94 
Silage based 82 60 20 6 
 
Table 10. Least squares mean and SE for effects of house-diet system combinations on carcass characteristics  
Housing1 Shelter No shelter Confinement 
Diet2 Corn based Silage based Corn based Silage based Corn based Silage based 
Item3 X SE X SE X SE X SE X SE X SE 
HCW, lb 725.90a 6.05  668.16 b 5.75 715.88 ad 5.75 656.01 b 6.05 694.73 cd 5.88 651.49 b 5.88 
DP, % 60.89 a 0.25 57.50 b 0.24 61.01 a 0.24 57.45 b 0.25 61.60 a 0.25 58.35 b 0.25 
REA, sq in 12.21 a 0.18 12.83 a 0.17 12.02 a 0.17 12.05 a 0.18 12.11 a 0.17 12.10 a 0.17 
BF, in 0.54 a 0.01 0.37 b 0.01 0.54 a 0.01 0.37 b 0.01 0.51a 0.01 0.35 b 0.01 
KPH, % 2.14 a 0.08 1.61 b 0.08 2.17 a 0.08 1.55 b 0.08 2.12 a 0.08 1.46 b 0.08 
YG 2.51a 0.06 1.93b 0.06 2.56a 0.06 1.93b 0.06 2.44a 0.06 1.82b 0.06 
QG 7.26 a 0.16 6.07 b 0.16 7.20 a 0.16 6.36 b 0.16 7.21 a 0.16 6.16 b 0.16 
1Shelter = open lot with shelter; no shelter = open lot without shelter; confinement = cold confinement building. 
2Corn-based = processed high moisture corn grain-based diet; silage-based = whole plant corn silage-based diet. 
3HCW = hot carcass weight, DP = dressing percentage, REA = ribeye area, BF = backfat, KPH = kidney, pelvic and heart fat, YG = yield 
grade, QG = quality grade. 
a, b, c, d Superscripts with different letter in the same row are significantly different (P < 0.05). 
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Figure 3. Comparison of least squares means across housing-diet systems: A. Hot carcass 
weight (HCW); B. Dressing percentage (DP); C. Ribeye area (REA). SC = shelter corn, SS = 
shelter silage, NSC = no shelter corn, NSS = no shelter silage, CC = confinement corn, CS = 
confinement silage. 
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Figures 4. Comparison of least squares means across housing-diet systems: A. Back 
fat; B. Kidney, pelvic and heart fat (KPH). SC = shelter corn, SS = shelter silage, NSC 
= no shelter corn, NSS = no shelter silage, CC = confinement corn, CS = confinement 
silage. 
 
Table 12. Yield grade percentage distribution for housing treatments 
Item YG-1 
% 
YG-2 
% 
YG-3 
% 
YG-4 
% 
Shelter 34 35 35 35 
No shelter 31 33 37 50 
Confinement 35 32 28 15 
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Figures 5. Comparison of least squares means across housing-diet systems: A. Yield grade (YG); B. 
Quality grade (QG). SC = shelter corn, SS = shelter silage, NSC = no shelter corn, NSS = no shelter 
silage, CC = confinement corn, CS = confinement silage.  
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Economic Analysis 
Annual Scenario  
As shown in Table 13, across the six housing-diet system combinations, the cattle groups, 
which were fed the corn-based diet, attained higher income per head compared to those that 
received the silage diet. A graphic depiction of this information is shown in Figure 6.A. Within 
the systems, SC steers had 3.2% higher income per head than those in SS facilities. Moreover, 
steers in NSC groups had 3.9% better income per animal than cattle fed in NSS. Steers fed in CC 
received 2.2% higher income per head compared to those fed in CS system. Overall, SC steers 
had the highest income per head, with 6% difference between the CS group, which had the 
lowest income per head. From the experimental design, feeder cost per head was similar across 
the experimental systems, because the steers were purchased and started on feed at the same time 
for each trial. However, total interest was higher for silage fed groups compared with corn fed 
cattle. This difference in total interest was due to the extra time (over sixty days) the silage-based 
cattle took to reach the market weight. The total feed cost per head was higher for corn fed cattle 
compared to silage fed steers (Figure 6.B). As indicated in Table 13, the NSC steers had the 
highest total feed cost amounting to $199.71/head, followed by $188.80/head, $180.56/head for 
SC and CC respectively. From the data, it was 10% less expensive to feed a steer in the CS 
system than it was to feed cattle in either SS or NSS arrangements. In addition, it was 43% 
cheaper per head to get a steer to market weight in CS than in either SC or NSC systems, which 
had the highest feed cost per head. Therefore, it was no surprise then that corn-based systems had 
the highest total variable cost per head compared to the systems where silage-based diets were 
imposed. However, the income derived from steers fed in the corn-based system was higher than 
for those fed in the silage-based system.
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1Shelter = open lot with shelter, no shelter = open lot without shelter, confinement = cold confinement building.  
2Corn-based = processed high moisture corn grain-based diet, silage-based = whole plant corn silage-based diet. 
3Numbers in parenthesis denote negative values. 
a,b,c,d,f Superscripts rank all 6 housing-diet combinations.  
Table 13. Enterprise economics based on average prices for 13 yr cattle cycle 
Housing1 Shelter No shelter Confinement 
Diets2 Corn-b Silage-b Corn-b Silage-b Corn-b Silage-b 
Income, $/hd 1097.70a 1062.10c 1093.10b 1050.87e 1055.55d 1032.13f 
Feeder cost, $/hd 814.59 809.86 809.86 808.67 802.75 818.14 
Interest, 6.74% 25.15 35.91 25.00 35.86 24.78 36.28 
Total feed cost, $/hd 188.80b 121.40d 199.71a 120.39e 180.56c 108.11f 
Total variable cost, $/hd  1131.80b 1095.87d 1138.30a 1093.58e 1111.37c 1090.96f 
Income over variable cost, $/hd3  (33.48)e (33.77)f (45.29)c (42.72)d (55.82)b (58.83)a 
Fixed cost, $/hd 18.83d 26.79b 9.54f 13.58e 22.75c 32.37a 
Total cost, $/hd   1150.00 1122.66 1147.85 1107.16 1134.12 1123.33 
Income over all costs, $3 (52.31)f (60.55)c (54.83)e (56.30)d (78.57)b (91.20)a 
Breakeven variable costs, $ 0.97 0.97 0.98 0.97 0.99 0.99 
Breakeven price for all costs, $ 0.98 0.99 0.98 0.99 1.01 1.02 
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Figures 6. Comparison of least squares means across house-diet systems: A. Total income; B. Total feed 
cost; C. Fixed cost. SC = shelter corn, SS = shelter silage, NSC = no shelter corn, NSS = no shelter silage, 
CC = confinement corn, CS = confinement silage. 
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In addition, income over variable cost per head showed that the CS system stood to lose 
more cash to keep cattle through to market weight, followed closely by cattle in CC system. 
These analyses show that it would be more profitable to feed cattle in the shelter systems in 
either case for corn or silage-based diets. A similar trend for possible better profit margins 
occurred when cattle were fed in SC and SS systems. 
The fixed cost per head was higher where steers were placed in silage-based systems 
compared to systems where steers had a corn diet (Figure 6.C). In particular, CS cattle had the 
highest fixed cost per head followed by the SS group, while the lowest fixed cost was for steers 
in NCS and NSS systems. 
Looking at income over all costs per steer, CC and CS were less profitable in comparison 
with other systems. In part, this could be associated to the high initial investment in the 
construction materials committed in developing the confinement building, alongside other 
performance dynamics, such as less feed intake and lower ADG associated with cattle in such 
environments. 
Breakeven price budgeting is often used as one of the principal instruments to evaluate 
expected profitability in feedlot enterprises. It was clearly shown that steers housed in a 
confinement building would require higher breakeven prices than those placed in other facilities. 
In addition, steers that were placed in feedlot systems and fed silage generally had slightly higher 
breakeven prices for all costs than those fed a corn diet. 
Seasonal Scenario 
Table 14 shows details of price averages by corresponding months that steers were placed 
on feed for feeder cattle, fed cattle and feed components for the 13 yr cattle cycle. This was an 
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important step since the seasonal prices variability for production factors will certainly affect the 
overall profitability, while the fixed costs remain substantially the same in all systems as 
indicated on Livestock Budget worksheets (Appendix B). Each season prices were used to 
evaluate the feedlot enterprise for the six housing-diet systems. 
Table 15 shows steer enterprise economics based on prices for the 13 yr cattle cycle for 
the corresponding winter season. Steers that were put into the feedlot during the month of 
December and were fed corn-based diets had better income than those fed silage. In particular, 
steers in the SC system had the highest income followed by those in NSC and CC steers.  
Steers in NSS had the lowest income, which in value represented a 7.4% difference 
between the highest incomes attained by steers in SC system. It was not surprising then, that the 
NSS steers lost the most cash on the income over variable cost basis. In addition, during the 
winter months, NSC steers had the highest total feed cost per head followed by those in the SC, 
but both systems made better returns based on income over variable cost. During the winter 
season, cattle that were finished in no shelter arrangements had the lowest fixed cost per head, 
while steers in CS and SS had the highest fixed costs. Overall, winter cattle that were in CS and 
SS systems lost the most cash followed by NSS system steers. 
Table 16 gives a summary for steer enterprise economics for the corresponding spring 
season. Steer groups that were put into the feedlot in the month of March, showed that overall 
income was higher for steers that were fed corn diets compared to those offered silage in all three 
housing systems. The SC system had the highest income per steer, followed by NSC and then the 
CC group. The NSC had the highest feed cost per head and then followed by SC cattle and CC 
steers. Unlike the winter fed cattle, CS system had the lowest income over variable cost per head 
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for spring cattle, while NSS had the highest cash loss for winter steers. Similarly, the fixed costs 
for spring fed cattle were similar to winter fed steers. Overall, silage fed steers made less profit 
compared to corn fed steers, whereby CS system lost the most money. 
Table 17 contains data for steers that were started on feed in the month of June and fed 
through the summer fed season. There was a consistent similar trend in summer cattle with those 
from winter and spring fed cattle, in that the systems where the corn diet was offered, the income 
per head was higher compared to silage fed groups. 
The SC cattle had the highest income per head followed by NSC steers and CC steers. 
Likewise, NSC cattle had the highest total feed cost of $183.75 followed by $173.52, and 
$166.04 for SC and CC systems, respectively. Summer steers in CS system had an income over 
cost value of $-116.02, while spring group had $-115.71 compared to $-66.43 for winter cattle in 
the same system. 
Table 18 shows data for the seasonal scenario for steers placed into the feedlot in 
September and fed during months corresponding to the fall season; the income for SC steers was 
$1063.94 per head, which was the highest across the systems. This was followed closely by 
$1059.40, $1038.29, $1027.30, $1023.09 and $1008.99 for NSC, SS, NSS, CC and CS groups, 
respectively. In comparison to the other systems, both SC and NSC cattle lost less money in the 
fall system. The CS and CC system cattle lost the most income over all costs. Based upon these 
data, C fed cattle lost the most money per head. 
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Table 14. Price averages for feeder, fed cattle and feed components by corresponding months steers were put on feed 
Season1 Annual  Dec: winter Mar : spring June : summer Sept : fall 
Diet2  Corn-b Silage-b Corn-b Silage-b Corn-b Silage-b Corn-b Silage-b 
Months3  12.0 5.5 7.9 5.5 7.9 5.5 7.9 5.5 7.9 
Corn ($/bu) 3.75 3.93 3.73 3.55 3.47 3.41 3.41 3.40 3.46 
Corn silage ($/ton) 37.48 39.31 37.35 35.50 34.69 34.12 34.15 34.03 34.57 
Supplement ($/Ib) 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 
Steer-feeder wt (650-700 $/cwt) 118.40 118.28 118.28 117.95 117.95 116.97 116.97 112.21 112.21 
Steer-live harvest wt ($/cwt) 93.67 96.18 93.04 90.60 90.21 89.46 89.82 90.78 91.56 
Steer-carcass wt ($/cwt) 148.81 153.68 148.44 144.55 143.37 141.40 142.32 143.70 145.39 
1December = winter season, March = spring season, June = summer season, and September = fall season.  
2Corn-based = corn grain-based diets, silage-based = whole corn plant silage-based diet. 
3Months = number of months cattle were on feed before harvest.  
 
Table 15. Steers enterprise economics based on average prices for 13 yr cattle cycle for corresponding winter season 
Housing1 Shelter No shelter Confinement 
Diets2 Corn-b Silage-b Corn-b Silage-b Corn-b Silage-b 
Income, $/hd 1127.23a 1055.07e 1122.42b 1043.91f 1083.95c 1059.90d 
Feeder cost, $/hd 813.77 809.04 809.04 807.85 801.94 817.31 
Interest, 6.74% 25.12 35.88 24.98 35.83 24.76 36.25 
Total feed cost, $/hd 196.99b 121.08d 208.27a 120.08e 188.36c 111.89f 
Total variable cost, $/hd  1138.69b 1094.67d 1146.19a 1092.40f 1118.48c 1093.96a 
Income over variable cost, $/hd3  (11.46)f (39.60)b (23.77)e (48.49)a (34.53)c (34.06)d 
Fixed cost, $/hd 18.83d 26.79b 9.54f 13.58e 22.75c 32.37a 
Total cost, $/hd   1157.51 1121.46 1155.74 1105.97 1141.23 1126.34 
Income over all costs, $3 (30.28)f (66.39)b (33.32)e (62.07)c (57.28)d (66.43)a 
Breakeven variable costs, $/Ib 0.97 0.97 0.98 0.97 0.99 0.99 
Breakeven price for all costs, $/Ib 0.99 0.99 0.99 0.99 1.01 1.02 
1Shelter = open lot with shelter, no shelter = open lot without shelter, confinement = cold confinement building.  
2Corn-based = processed high moisture corn grain-based diet, silage-based = whole plant corn silage-based diet. 
3Numbers in parenthesis denotes negative values. 
a,b,c,d,f Superscripts rank all 6 housing-diet combinations. 
57 
 
 
 
 Price Sensitivity 
 
A closer view on sensitivity tables C.1 to C.6 and figures C.1 to C.6 in Appendix C will 
certainly show the impact on profitability or income over total costs from changes in corn price, 
corn silage price, feeder cattle and live cattle prices during the production period under the given 
scenarios. From Appendix C, Table C.1 for income over total costs, the SC based enterprise will 
be considered here in detail as an example to examine the contents and layout of information in 
the sensitivity tables. 
In each sensitivity table, there are a series of seven values or prices on the four axes 
representing factors of production i.e. corn price: $/bu, corn silage price: $/ton, feeder cattle 
price: $/lb and live cattle price: $lb. The center values (i.e. bold & underlined) are the historical 
averages, while other values represent incremental changes in price values in both directions of 
low and high values. The value of total income in each cell is determined by the combination of 
four prices on the axes. These tables illustrate the relationship between two variables: 1) varying 
corn price, and 2) varying feeder cattle price. Then from the historical relationship of prices from 
the 13 yr cattle cycle where appropriate variation in respective prices was done, the following 
two ratios were determined: 1) the ratio of corn silage price to corn grain price = 10.00; and 2) 
the ratio of live cattle price to feeder cattle price = 0.7899. 
Example: 
Silage price = Corn grain price *10.00 
Live cattle price = Feeder cattle price*0.7899  
Therefore, if feeder cattle price was at $1.48 per pound, then the historical relationship between 
feeder cattle price and live cattle price would suggest the live price to be $1.48 * 0.7899 = $1.17 
per pound.
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Table 16. Steers enterprise economics based on average prices for 13 yr cattle cycle for corresponding spring 
season 
Housing1 Shelter No shelter Confinement 
Diets2 Corn-b Silage-b Corn-b Silage-b Corn-b Silage-b 
Income, $/hd 1061.83a 1022.98c 1057.30b 1012.16e 1021.06d 998.41f 
Feeder cost, $/hd 811.50 806.78 806.78 805.60 799.70 815.03 
Interest, 6.74% 25.05 35.78 24.91 35.73 24.69 36.14 
Total feed cost, $/hd 179.83b 114.66d 190.35a 113.87e 172.04c 102.34f 
Income over variable cost, $/hd3  (56.98)f (62.72)e (68.25)d (71.49)c (78.44)b (83.34)a 
Fixed cost, $/hd 18.83 26.79 9.54 13.58 22.75 32.37 
Total cost, $/hd   1137.64 1112.48 1135.09 1097.22 1122.26 1114.12 
Income over all costs, $3 (75.81)f (89.50)c (77.79)e (85.07)d (101.19)b (115.71)a 
Breakeven variable costs, $ 0.95 0.96 0.96 0.97 0.98 0.98 
Breakeven price for all costs, $ 0.97 0.98 0.97 0.98 1.00 1.01 
1Shelter = open lot with shelter, no shelter = open lot without shelter, confinement = cold 
confinement building.  
2Corn-based = processed high moisture corn grain-based diet, silage-based = whole plant corn silage-based diet. 
3Numbers in parenthesis denotes negative values. 
a,b,c,d,f Superscripts rank all 6 housing-diet combinations 
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Table 17. Steers enterprise economics based on average prices for 13 yr cattle cycle for corresponding summer season 
Housing1 Shelter No shelter Confinement 
Diets2 Corn-b Silage-b Corn-b Silage-b Corn-b Silage-b 
Income, $/hd 1048.47a 1018.56c 1044.00b 1007.78e 1008.21d 989.82f 
Feeder cost, $/hd 804.75 800.07 800.07 798.91 793.06 808.26 
Interest, 6.74% 24.85 35.48 24.70 35.43 24.49 35.84 
Total feed cost, $/hd 173.52b 113.35d 183.75a 112.61e 166.04c 101.22f 
Total variable cost, $/hd  1105.35b 1077.29d 1111.84a 1075.29e 1086.46c 1073.46f 
Income over variable cost, $/hd3  (56.88) (58.73) (67.84) (67.51) (78.25) (83.64) 
Fixed cost, $/hd 18.83d 26.79b 9.54f 13.58e 22.75c 32.37a 
Total cost, $/hd   1124.18 1104.07 1121.38 1088.87 1109.21 1105.83 
Income over all costs, $3 (75.71)f (85.51)c (77.39)e (81.09)d (101.00)b (116.02)a 
Breakeven variable costs, $ 0.94 0.95 0.95 0.96 0.96 0.97 
Breakeven price for all costs, $ 0.96 0.97 0.96 0.97 0.98 1.00 
1Shelter = open lot with shelter, no shelter = open lot without shelter, confinement = cold confinement building.  
2Corn-based = processed high moisture corn grain-based diet, silage-based = whole plant corn silage-based diet. 
3Numbers in parenthesis denotes negative values. 
a,b,c,d,f Superscripts rank all 6 housing-diet combinations. 
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Table 18. Steers enterprise economics based on average prices for 13 yr cattle cycle for corresponding fall season 
Housing1 Shelter No shelter Confinement 
Diets2 Corn-b Silage-b Corn-b Silage-b Corn-b Silage-b 
Income, $/hd 1063.94a 1038.29c 1059.40b 1027.30d 1023.09e 1008.99f 
Feeder cost, $/hd 772.00 767.52 767.52 766.39 760.78 775.37 
Interest, 6.74% 23.84 34.04 23.70 33.99 23.49 34.39 
Total feed cost, $/hd 173.07b 114.37d 183.29a 113.59e 165.62c 102.09f 
Total variable cost, $/hd  1070.80b 1043.99d 1077.47a 1042.01e 1052.42c 1039.66f 
Income over variable cost, $/hd3  (6.86)e (5.70)f (18.06)c (14.70)d (29.33)b (30.67)a 
Fixed cost, $/hd 18.83d 26.79b 9.54f 13.58e 22.75c 32.37a 
Total cost, $/hd   1089.62 1070.77 1087.01 1055.58 1075.18 1072.03 
Income over all costs, $3 (25.68)f (32.48)c (27.61)e (28.28)d (52.09)b (63.04)a 
Breakeven variable costs, $ 0.91 0.92 0.92 0.93 0.93 0.94 
Breakeven price for all costs, $ 0.93 0.94 0.93 0.94 0.95 0.97 
1Shelter = open lot with shelter, no shelter = open lot without shelter, confinement = cold confinement building.  
2Corn-based = processed high moisture corn grain-based diet, silage-based = whole plant corn silage-based diet. 
3Numbers in parenthesis denotes negative values. 
a,b,c,d,f Superscripts rank all 6 house-diet combinations. 
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Thus, in the Table C.1 under the given scenario of corn price at $3.75 per bushel, and 
silage at $37.48 per ton, then income over total cost would be $17.46 per head. It is also 
noteworthy, that the value ($52.31) in Table C.1 is the center point of profitability established by 
the historical relationship among all four variables. In addition, in the same table, it is clearly 
shown that 12 values out of forty-nine combinations have positive income over all costs. 
Furthermore, all the positive income values (bolded) are concentrated in the upper right corner of 
the tables. 
We can also interpolate from the data in the tables that certain price ranges are key and 
required to enhance profitability in every system as indicated in the sensitivity tables. For 
instance, in Table C.1, the following conditions are necessary to ensure profitability of SC 
enterprise: feeder cattle price above the historical average of $ 1.08, corn prices at or below the 
base of $3.75, live market cattle price at $0.86 to $1.17 and corn silage at or below $37.48. 
Figure C.1 gives a clear picture view for these prices and the associated outcome for income over 
all total costs. 
In Table C. 2, sensitivity of income over total costs based upon the SS system shows 
seven price scenarios with a positive profitability while the others indicate negative returns. 
Figure C.2 shows a picture format of this information in a more clear manner. In Table C. 3 and 
Figure C.3, steers in the NSC system had twelve positive return values, thus showing more 
chances to make profit than the seven opportunities for the previous SS system in Table C.2. The 
NSS system shown in Table C. 4 and Figure C.4 had seven positive profitable values while CC 
sensitivity of system in Table C.5 and Figure C.5 indicated only six positive values for 
profitability. The CS based system in Table C.6 and Figure C.6, did not have any positive values 
for profitability. 
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CHAPTER 5  
SUMMARY AND GENERAL CONCLUSIONS 
The objective of this study was to evaluate performance, carcass characteristics and 
projected economics returns for placing steers on feed four times (December, March, June and 
September) per year for a period of four years, in different housing-diet systems. A total of 1,987 
yearling steers predominantly of mixed British breeds with an average starting weight of 
approximately 700 lb were used. Upon arrival at the farm, each cattle group was acclimated for 2 
- 3 days before commencing the trial. During the adaptation period steers were fed corn-silage 
diet ad libitum. After initial weighing, each steer was ear-tagged, implanted with Compudose®, 
under the skin of the ear and randomly assigned to three trial groups by weight and color pattern. 
A pen with an average of 20 steers was the experimental unit, which was replicated once 
at the start of every trial period. Treatments were 2-levels of diet, 3-levels of housing facilities, 
and season with 4-levels per year. The two diets were: 1) a mixture of processed high moisture 
corn grain (77% DM) provided 85% of energy and whole plant corn silage and 2) whole plant 
corn silage diet (35% DM). In addition, a protein, vitamin and mineral supplement was added to 
meet dietary requirements. Cattle were fed in morning. The housing treatments consisted of: 1) 
shelter; open lot with access to an overhead shelter, 2) no shelter; open lot without access to an 
overhead shelter, but provided with a windbreak, and 3) confinement; open front-side 
confinement barn. The four seasons involved were when steers were placed into the feedlot and 
fed through to market weight as follows: 1) December; winter,  2) March; spring, 3) June; 
summer, and 4) September; fall. 
The effects of diet, housing, season and cycle significantly (P < 0.001) influenced ADG 
and final weight, as well as the interaction of diet × season (P < 0.05), but did not affect ADMI 
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significantly (P > 0.05). Feed efficiency was affected by diet (P < 0.001), cycle, and the 
interaction of diet × season (P < 0.05). 
Steers that were put on processed high moisture corn diet had slightly higher ADMI than 
those on whole plant corn diet, 18.80 lb and 17.80 lb, respectively (P > 0.05). Steers in NS 
consumed slightly more DM than those in S which was an average of 19.10 lb and 18.60 lb of 
DM intake, respectively (P > 0.05). Cattle in the confinement building had the lowest average 
intake of 17.10 lb in DM (P < 0.05). Steers that were put on trial in spring had the highest ADMI 
followed by those that were put into the feedlot in summer season (P > 0.05). The intake for 
winter cattle was the lowest while fall cattle intake was intermediate (P > 0.05). 
Steers fed a corn-based diet had superior ADG (2.81 lb) compared to those put on a 
silage diet (1.78 lb; P < 0.05). Likewise, the final weight was significantly different (P < 0.05) 
for the two diets, whereby steers fed a corn-based diet attained 25 lb higher weights compared to 
those offered a corn silage-based diet. In addition, steers fed a corn diet attained expected market 
weight earlier (165 days; (P < 0.05) than the group fed corn silage which took 232 days to 
market. Cattle in S had the highest ADG of  2.40 lb and those in NS had 2.33 lb (P > 0.05) while 
cattle in C had the lowest ADG (2.16 lb; P < 0.05).  
Steers were more efficient when placed on a corn-based diet than those placed on corn 
silage (P < 0.05). Steers that were housed in S were slightly more efficient than those in C and 
NS, although these differences were not significant (P > 0.05). Within the three housing 
arrangements, season did not affect FE (P > 0.05). 
For the carcass characteristics of the steers, the effects of diet, housing, season and cycle 
affected HCW and DP (P < 0.001). In addition, BF, KPH, YG and QG were significantly 
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affected by dietary treatment (P < 0.001), and season (P < 0.05), but not by the effects of housing 
(P > 0.05). 
For steers fed a corn diet, HCW was 7.4% heavier than for those offered corn silage (P < 
0.05), which also resulted to a higher DP (P < 0.05). Dietary treatments did not significantly 
affect REA (P > 0.05). Silage fed steers had better YG, while carcasses from steers fed a corn 
diet averaged YG of 2.50. For all steers in the study, over 94% had an averaged QG of or above 
Select, of which 66% of those were within Choice and Prime. Steers in C had the lowest HCW 
(P < 0.05), while steers in S attained the highest, which was similar (P > 0.05) with steers in NS. 
The DP was similar across the three housing treatments (P > 0.05). Steers in C had the lowest BF 
and those in NS had the highest, while steers in S were intermediate, although the differences did 
not statistically differ (P > 0.05). Steers housed in S had higher KPH followed by NS and C 
cattle (P > 0.05). 
Steers put on feed during the month of September had significantly (P < 0.05) higher 
HCW, greater BF (P < 0.05), high KPH (P < 0.05), the biggest REA (P > 0.05), poorest YG (P < 
0.05) of 2.33 compared to the other treatments and similar QG with December cattle.  
Within economic analyses using the annual scenario, SC steers had 3.2% higher income 
per head than those in SS facilities. Moreover, steers in NSC group had 3.9% better income per 
animal than cattle fed in NSS. Besides, steers fed in CC received 2.2% higher income per head 
compared to those fed in CS system. Overall, SC steers had the highest income per head, with 
6% over the CS group, which had the lowest income per head. Steers that were put into the 
feedlot during the months of December, March, June and September and fed corn diet had better 
returns than those fed silage. Winter fed steers in NSS had the lowest income, which represented 
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a 7.4% difference between the highest incomes attained by steers in SC system. During spring 
and summer, the SC system had the highest income per steer, followed by NSC and then CC 
group. Steers housed in SC system during spring and summer had the best income over all costs 
followed by NSC, and CS fed steers were the most inferior, whereas other systems were 
intermediate in income over all cost.  
These findings are important especially when planning to invest in the cattle feeding 
subsector, in response to climatic risks and extreme cyclic weather patterns. It is clear from the 
data that cattle can be put into feedlot feeding programs throughout the year rather than the 
traditional one group of cattle annually. From our work, investors in feedlot cattle finishing 
programs should appreciate both the specific and broader views offered in each system analysis, 
and their comparisons to determine a flexible cattle placement scheme, while at the same time 
projecting production costs and profitability for different seasons of the year. 
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APPENDEX A. USDA QUALITY GRADES RANKING 
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USDA Quality Grade Numerical Values 
Prime + 12 
Prime 11 
Prime - 10 
Choice + 9 
Choice 8 
Choice - 7 
Select + 6 
Select 5 
Select - 4 
Standard + 3 
Standard 2 
Standard - 1 
Utility 0 
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APPENDEX B. ECONOMICS ANALYSIS WORKSHEETS 
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Example 1. Livestock Enterprise Budget Sheet for Shelter Corn-based System 
Revenue  Live price      $ ___ 
  Steer sales     lb @ $ ____ 
   Death loss (1%)     $ ____ 
Gross income  (Sales income – death loss)    $ ____ 
Variable cost 
   Feeder cost      $ _____ 
   Interest (6.74)      $ _____ 
  Feed costs 
  1. Corn     bu @ $ ______ 
  2. Supplement     ton @ $ _____ 
  3. Corn silage     ton @ $ _____ 
  Total feed costs (Sum of 1-3)     $ _____ 
  Other costs 
   4. Transportation     $ ______ 
   5. Utilities      $ ______ 
   6. Veterinary/medicine    $ ______ 
   7. Manure      $ ______ 
   8. Administration     $ ______ 
   9. Marketing and miscellaneous   $ ______ 
    10. Interest on variables    $ ______ 
    11. Labor and management    $ ______ 
  Total other costs (Sum 4-11)     $ ______ 
Total variable costs           (Feeder cost + interest + 
             total feed cost + total other costs)  $ ______ 
Income over variable costs   (Gross income – total variable costs)  $ ______ 
Fixed costs                 (Machinery, equipment & housing)  $ ______ 
Total all costs               (Total variable costs + fixed costs)  $ ______ 
Income over all costs            (Gross income – total all costs)  $ ______ 
Breakeven (selling price) for variable costs       lb @ $ ______ 
Breakeven (selling price) for all costs                     lb @ $ ______ 
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Example 2. Livestock Enterprise Budget Sheet for Shelter Silage-based System 
Revenue  Live price      $ ___ 
  Steer sales     lb @ $ ____ 
   Death loss (1%)     $ ____ 
Gross income  (Sales income – death loss)    $ ____ 
Variable cost 
   Feeder cost      $ _____ 
   Interest (6.74)      $ _____ 
  Feed costs 
  1. Corn     bu @ $ ______ 
  2. Supplement     ton @ $ _____ 
  3. Corn silage     ton @ $ _____ 
  Total feed costs (Sum of 1-3)     $ _____ 
  Other costs 
   4. Transportation     $ ______ 
   5. Utilities      $ ______ 
   6. Veterinary/medicine    $ ______ 
   7. Manure      $ ______ 
   8. Administration     $ ______ 
   9. Marketing and miscellaneous   $ ______ 
    10. Interest on variables    $ ______ 
    11. Labor and management    $ ______ 
  Total other costs (Sum 4-11)     $ ______ 
Total variable costs           (Feeder cost + interest + 
             total feed cost + total other costs)  $ ______ 
Income over variable costs   (Gross income – total variable costs)  $ ______ 
Fixed costs                 (Machinery, equipment & housing)  $ ______ 
Total all costs               (Total variable costs + fixed costs)  $ ______ 
Income over all costs            (Gross income – total all costs)  $ ______ 
Breakeven (selling price) for variable costs       lb @ $ ______ 
Breakeven (selling price) for all costs             lb @ $ ______ 
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Example 3. Livestock Enterprise Budget Sheet for No Shelter Corn-based System 
Revenue  Live price      $ ___ 
  Steer sales     lb @ $ ____ 
   Death loss (1%)     $ ____ 
Gross income  (Sales income – death loss)    $ ____ 
Variable cost 
   Feeder cost      $ _____ 
   Interest (6.74)      $ _____ 
  Feed costs 
  1. Corn     bu @ $ ______ 
  2. Supplement     ton @ $ _____ 
  3. Corn silage     ton @ $ _____ 
  Total feed costs (Sum of 1-3)     $ _____ 
  Other costs 
   4. Transportation     $ ______ 
   5. Utilities      $ ______ 
   6. Veterinary/medicine    $ ______ 
   7. Manure      $ ______ 
   8. Administration     $ ______ 
   9. Marketing and miscellaneous   $ ______ 
    10. Interest on variables    $ ______ 
    11. Labor and management    $ ______ 
  Total other costs (Sum 4-11)     $ ______ 
Total variable costs           (Feeder cost + interest + 
             total feed cost + total other costs)  $ ______ 
Income over variable costs   (Gross income – total variable costs)  $ ______ 
Fixed costs                 (Machinery, equipment & housing)  $ ______ 
Total all costs               (Total variable costs + fixed costs)  $ ______ 
Income over all costs            (Gross income – total all costs)  $ ______ 
Breakeven (selling price) for variable costs       lb @ $ ______ 
Breakeven (selling price) for all costs            lb @ $ ______ 
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Example 4. Livestock Enterprise Budget Sheet for No Shelter Silage-based System 
Revenue  Live price      $ ___ 
  Steer sales     lb @ $ ____ 
   Death loss (1%)     $ ____ 
Gross income  (Sales income – death loss)    $ ____ 
Variable cost 
   Feeder cost      $ _____ 
   Interest (6.74)      $ _____ 
  Feed costs 
  1. Corn     bu @ $ ______ 
  2. Supplement     ton @ $ _____ 
  3. Corn silage     ton @ $ _____ 
  Total feed costs (Sum of 1-3)     $ _____ 
  Other costs 
   4. Transportation     $ ______ 
   5. Utilities      $ ______ 
   6. Veterinary/medicine    $ ______ 
   7. Manure      $ ______ 
   8. Administration     $ ______ 
   9. Marketing and miscellaneous   $ ______ 
    10. Interest on variables    $ ______ 
    11. Labor and management    $ ______ 
  Total other costs (Sum 4-11)     $ ______ 
Total variable costs           (Feeder cost + interest + 
             total feed cost + total other costs)  $ ______ 
Income over variable costs   (Gross income – total variable costs)  $ ______ 
Fixed costs                 (Machinery, equipment & housing)  $ ______ 
Total all costs               (Total variable costs + fixed costs)  $ ______ 
Income over all costs            (Gross income – total all costs)  $ ______ 
Breakeven (selling price) for variable costs       lb @ $ ______ 
Breakeven (selling price) for all costs                 lb @ $ ______ 
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Example 5. Livestock Enterprise Budget Sheet for Confinement Corn-based System 
Revenue  Live price      $ ___ 
  Steer sales     lb @ $ ____ 
   Death loss (1%)     $ ____ 
Gross income  (Sales income – death loss)    $ ____ 
Variable cost 
   Feeder cost      $ _____ 
   Interest (6.74)      $ _____ 
  Feed costs 
  1. Corn     bu @ $ ______ 
  2. Supplement     ton @ $ _____ 
  3. Corn silage     ton @ $ _____ 
  Total feed costs (Sum of 1-3)     $ _____ 
  Other costs 
   4. Transportation     $ ______ 
   5. Utilities      $ ______ 
   6. Veterinary/medicine    $ ______ 
   7. Manure      $ ______ 
   8. Administration     $ ______ 
   9. Marketing and miscellaneous   $ ______ 
    10. Interest on variables    $ ______ 
    11. Labor and management    $ ______ 
  Total other costs (Sum 4-11)     $ ______ 
Total variable costs           (Feeder cost + interest + 
             total feed cost + total other costs)  $ ______ 
Income over variable costs   (Gross income – total variable costs)  $ ______ 
Fixed costs                 (Machinery, equipment & housing)  $ ______ 
Total all costs               (Total variable costs + fixed costs)  $ ______ 
Income over all costs            (Gross income – total all costs)  $ ______ 
Breakeven (selling price) for variable costs       lb @ $ ______ 
Breakeven (selling price) for all costs            lb @ $ ______ 
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Example 6. Livestock Enterprise Budget Sheet for Confinement Silage-based System 
Revenue  Live price      $ ___ 
  Steer sales     lb @ $ ____ 
   Death loss (1%)     $ ____ 
Gross income  (Sales income – death loss)    $ ____ 
Variable cost 
   Feeder cost      $ _____ 
   Interest (6.74)      $ _____ 
  Feed costs 
  1. Corn     bu @ $ ______ 
  2. Supplement     ton @ $ _____ 
  3. Corn silage     ton @ $ _____ 
  Total feed costs (Sum of 1-3)     $ _____ 
  Other costs 
   4. Transportation     $ ______ 
   5. Utilities      $ ______ 
   6. Veterinary/medicine    $ ______ 
   7. Manure      $ ______ 
   8. Administration     $ ______ 
   9. Marketing and miscellaneous   $ ______ 
    10. Interest on variables    $ ______ 
    11. Labor and management    $ ______ 
Total other costs (Sum 4-11)     $ ______ 
Total variable costs           (Feeder cost + interest + 
             total feed cost + total other costs)  $ ______ 
Income over variable costs   (Gross income – total variable costs)  $ ______ 
Fixed costs                 (Machinery, equipment & housing)  $ ______ 
Total all costs               (Total variable costs + fixed costs)  $ ______ 
Income over all costs            (Gross income – total all costs)  $ ______ 
Breakeven (selling price) for variable costs       lb @ $ ______ 
Breakeven (selling price) for all costs              lb @ $ ______ 
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APPENDIX C. PRICE SENSITIVITY ANALYSIS RESULTS 
 
 
 
Table C.1. Sensitivity of income over total costs based on shelter-corn system values from annual means of historical prices1 
     Feeder cattle price, $/lb     
 
  $0.88  $0.98  $1.08  $1.18  $1.28  $1.38  $1.48      
C
or
n 
pr
ic
e,
 $
/b
u 
  
       
  
C
or
n 
si
la
ge
 p
ric
e,
 $
/to
n 
$1.95 ($43.95) ($20.17) $3.60  $28.95  $51.16  $74.94  $98.72  $19.48  
  
       
  
$2.55 ($71.04) ($47.26) ($23.48) $1.86  $24.08  $47.85  $71.63  $25.48  
  
       
  
$3.15 ($98.12) ($74.35) ($50.57) ($25.22) ($3.01) $20.77  $44.55  $31.48  
  
       
  
$3.75 ($125.21) ($101.43) ($77.65) ($52.31) ($30.10) ($6.32) $17.46  $37.48  
  
       
  
$4.35 ($152.30) ($128.52) ($104.74) ($79.39) ($57.18) ($33.40) ($9.62) $43.48  
  
       
  
$4.95 ($179.38) ($155.60) ($131.82) ($106.48) ($84.27) ($60.49) ($36.71) $49.48  
  
       
  
$5.55 ($206.47) ($182.69) ($158.91) ($133.57) ($111.35) ($87.57) ($63.80) $55.48  
                  
  
  
      
  
 
  
$0.70  $0.78  $0.86  $0.94  $1.01  $1.09  $1.17    
 Fed cattle price, $/lb 
1Income over total cost sensitivity to changes in corn, corn silage, feeder cattle and fed cattle prices; increment change for feeder’s 
price is by $0.10; increment change for corn price is by $ 0.60.  
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Table C. 2. Sensitivity of income over total costs based on shelter-silage system values from annual means of historical 
prices1 
     Feeder cattle price, $/lb     
 
  $0.88  $0.98  $1.08  $1.18  $1.28  $1.38  $1.48      
C
or
n 
pr
ic
e,
 $
/b
u 
  
       
  
C
or
n 
si
la
ge
 p
ric
e,
 $
/to
n 
$1.95 ($82.14) ($60.96) ($39.79) ($17.09) $2.57  $23.74  $44.92  $19.48  
  
       
  
$2.55 ($96.63) ($75.45) ($54.27) ($31.58) ($11.92) $9.26  $30.43  $25.48  
  
       
  
$3.15 ($111.11) ($89.94) ($68.76) ($46.07) ($26.41) ($5.23) $15.95  $31.48  
  
       
  
$3.75 ($125.60) ($104.42) ($83.25) ($60.55) ($40.89) ($19.72) $1.46  $37.48  
  
       
  
$4.35 ($140.09) ($118.91) ($97.73) ($75.04) ($55.38) ($34.20) ($13.02) $43.48  
  
       
  
$4.95 ($154.57) ($133.40) ($112.22) ($89.53) ($69.86) ($48.69) ($27.51) $49.48  
  
       
  
$5.55 ($169.06) ($147.88) ($126.70) ($104.01) ($84.35) ($63.17) ($42.00) $55.48  
                  
  
  
      
  
 
  
$0.70  $0.78  $0.86  $0.94  $1.01  $1.09  $1.17    
 Fed cattle price, $/lb 
1Income over total cost sensitivity to changes in corn, corn silage, feeder cattle and fed cattle prices; increment change for feeder’s 
price is by $0.10; increment change for corn price is by $ 0.60. 
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Table C. 3. Sensitivity of income over total costs based on no shelter-corn system values from annual means of historical 
prices1 
     Feeder cattle price, $/lb     
 
  $0.88  $0.98  $1.08  $1.18  $1.28  $1.38  $1.48      
C
or
n 
pr
ic
e,
 $
/b
u 
  
       
  
C
or
n 
si
la
ge
 p
ric
e,
 $
/to
n 
$1.95 ($42.85) ($19.07) $4.71  $30.05  $52.28  $76.06  $99.85  $19.48  
  
       
  
$2.55 ($71.15) ($47.37) ($23.58) $1.76  $23.98  $47.77  $71.55  $25.48  
  
       
  
$3.15 ($99.45) ($75.66) ($51.88) ($26.54) ($4.31) $19.47  $43.25  $31.48  
  
       
  
$3.75 ($127.74) ($103.96) ($80.18) ($54.83) ($32.61) ($8.83) $14.96  $37.48  
  
       
  
$4.35 ($156.04) ($132.26) ($108.47) ($83.13) ($60.91) ($37.12) ($13.34) $43.48  
  
       
  
$4.95 ($184.34) ($160.55) ($136.77) ($111.43) ($89.20) ($65.42) ($41.63) $49.48  
  
       
  
$5.55 ($212.63) ($188.85) ($165.06) ($139.72) ($117.50) ($93.71) ($69.93) $55.48  
                  
  
  
      
  
 
  
$0.70  $0.78  $0.86  $0.94  $1.01  $1.09  $1.17    
 Fed cattle price, $/lb 
1Income over total cost sensitivity to changes in corn, corn silage, feeder cattle and fed cattle prices; increment change for feeder’s 
price is by $0.10; increment change for corn price is by $ 0.60. 
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Table C. 4. Sensitivity of income over total costs based on no shelter-silage system values from annual means of historical 
prices1 
     Feeder cattle price, $/lb     
 
  $0.88  $0.98  $1.08  $1.18  $1.28  $1.38  $1.48      
C
or
n 
pr
ic
e,
 $
/b
u 
  
       
  
C
or
n 
si
la
ge
 p
ric
e,
 $
/to
n 
$1.95 ($76.80) ($56.47) ($36.14) ($14.31) $4.52  $24.85  $45.18  $19.48  
  
       
  
$2.55 ($90.79) ($70.46) ($50.13) ($28.30) ($9.48) $10.85  $31.18  $25.48  
  
       
  
$3.15 ($104.79) ($84.46) ($64.13) ($42.30) ($23.47) ($3.14) $17.19  $31.48  
  
       
  
$3.75 ($118.78) ($98.45) ($78.12) ($56.30) ($37.47) ($17.14) $3.19  $37.48  
  
       
  
$4.35 ($132.78) ($112.45) ($92.12) ($70.29) ($51.46) ($31.13) ($10.80) $43.48  
  
       
  
$4.95 ($146.77) ($126.44) ($106.11) ($84.28) ($65.46) ($45.13) ($24.80) $49.48  
  
       
  
$5.55 ($160.77) ($140.44) ($120.11) ($98.28) ($79.45) ($59.12) ($38.79) $55.48  
                  
  
  
      
  
   $0.70  $0.78  $0.86  $0.94  $1.01  $1.09  $1.17    
 Fed cattle price, $/lb 
1Income over total cost sensitivity to changes in corn, corn silage, feeder cattle and fed cattle prices; increment change for feeder’s 
price is by $0.10; increment change for corn price is by $ 0.60. 
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Table C. 5. Sensitivity of income over total costs based on confinement-corn system values from annual means of historical 
prices1 
     Feeder cattle price, $/lb     
 
  $0.88  $0.98  $1.08  $1.18  $1.28  $1.38  $1.48      
C
or
n 
pr
ic
e,
 $
/b
u 
  
       
  
C
or
n 
si
la
ge
 p
ric
e,
 $
/to
n 
$1.95 ($66.50) ($45.27) ($24.05) ($1.32) $18.40  $39.62  $60.85  $19.48  
  
       
  
$2.55 ($92.25) ($71.02) ($49.80) ($27.07) ($7.35) $13.87  $35.09  $25.48  
  
       
  
$3.15 ($118.00) ($96.78) ($75.55) ($52.82) ($33.10) ($11.88) $9.34  $31.48  
  
       
  
$3.75 ($143.75) ($122.53) ($101.30) ($78.57) ($58.86) ($37.63) ($16.41) $37.48  
  
       
  
$4.35 ($169.50) ($148.28) ($127.05) ($104.33) ($84.61) ($63.38) ($42.16) $43.48  
  
       
  
$4.95 ($195.25) ($174.03) ($152.81) ($130.08) ($110.36) ($89.13) ($67.91) $49.48  
  
       
  
$5.55 ($221.01) ($199.78) ($178.56) ($155.83) ($136.11) ($114.89) ($93.66) $55.48  
                  
  
  
      
  
 
  
$0.70  $0.78  $0.86  $0.94  $1.01  $1.09  $1.17    
 Fed cattle price, $/lb 
1Income over total cost sensitivity to changes in corn, corn silage, feeder cattle and fed cattle prices; increment change for feeder’s 
price is by $0.10; increment change for corn price is by $ 0.60. 
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Table C. 6. Sensitivity of income over total costs based on confinement-silage system values from annual means of historical 
prices1 
      Feeder cattle price, $/lb     
 
  $0.88  $0.98  $1.08  $1.18  $1.28  $1.38  $1.48      
C
or
n 
pr
ic
e,
 $
/b
u 
  
       
  
C
or
n 
si
la
ge
 p
ric
e,
 $
/to
n 
$1.95 ($109.32) ($91.37) ($73.42) ($54.00) ($37.52) ($19.57) ($1.62) $19.48  
  
       
  
$2.55 ($121.72) ($103.77) ($85.82) ($66.40) ($49.92) ($31.97) ($14.02) $25.48  
  
       
  
$3.15 ($134.12) ($116.17) ($98.22) ($78.80) ($62.32) ($44.37) ($26.42) $31.48  
  
       
  
$3.75 ($146.52) ($128.57) ($110.62) ($91.20) ($74.72) ($56.78) ($38.83) $37.48  
  
       
  
$4.35 ($158.92) ($140.97) ($123.02) ($103.60) ($87.12) ($69.18) ($51.23) $43.48  
  
       
  
$4.95 ($171.32) ($153.37) ($135.42) ($116.00) ($99.53) ($81.58) ($63.63) $49.48  
  
       
  
$5.55 ($183.72) ($165.77) ($147.82) ($128.40) ($111.93) ($93.98) ($76.03) $55.48  
                  
  
  
      
  
 
  
$0.70  $0.78  $0.86  $0.94  $1.01  $1.09  $1.17    
 Fed cattle price, $/lb 
1Income over total cost sensitivity to changes in corn, corn silage, feeder cattle and fed cattle prices; increment change for feeder’s 
price is by $0.10; increment change for corn price is by $ 0.60. 
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Figure C. 1. Sensitivity of income over total cost to changes in prices for corn, corn silage, feeder cattle, 
and fed cattle based on shelter-corn system values from annual means of historical prices. 
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Figure C. 2. Sensitivity of income over total cost to changes in prices for corn, corn silage, feeder cattle, 
and fed cattle based on shelter-silage system values from annual means of historical prices. 
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Figure C. 3. Sensitivity of income over total cost to changes in prices for corn, corn silage, feeder 
cattle, and fed cattle based on no shelter system values from annual means of historical prices. 
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Figure C. 4. Sensitivity of income over total cost to changes in prices for corn, corn silage, feeder 
cattle, and fed cattle based on no shelter system values from annual means of historical prices. 
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Figure C. 5. Sensitivity of income over total cost to changes in prices for corn, corn silage, feeder 
cattle, and fed cattle based on confinement system values from annual means of historical prices.  
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Figure C. 6. Sensitivity of income over total cost to changes in prices for corn, corn silage, feeder 
cattle, and fed cattle based on confinement system values from annual means of historical prices. 
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APPENDIX D. PENS LAYOUT AND EXPERIMENTAL ARRANGEMENT 
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Figure D. 1. A) Cattle pens layout, B) Experimental arrangement at the farm. 
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